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Editorbis,  Conimentaries.  and  Reviews  to  Note 

Half-Night  Polvsomno)jrapliy:  How  Is  It  Compared  to  Kiill-Nigiit  Polvsoninourapiij? — 

Chung  KF.  Em-  Rc-pir  J  I  WS;l2(3l:74S-74'). 

Tlie  Pros  and  Cons  of  Keusin!>  Disposal)les  (lellci  I — Wccnig  CS.  J  Clin  Mcinit  Cimiput  l')y,S; 
l4(3):207O(\S. 

Respiratory  System  Mechanics  in  Adult  Respiratory  Distress  Syndrome:  Stretchinf;  Our 
Understanding  (editorial)— Hall  JB.  Am  .1  Respn  Crit  Care  Mcil  1WS;1?X(  1  i:l-2. 

Performance  Testing  New  Peak  Flow  Meters — Pedersen  OF,  Miller  MR.  xan  der  Mark  TW. 
Eur  Respn- J  19y8;12(2):261-2(-)2. 
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CJastric  Fluid  Volume:  Is  It  Really  a  Risk  Factor  for  Pulmonary  Aspiration? — Sehrciner  MS. 
Anesth  Analg  I WS;S7(4l:754-7.^6. 

I'se  of  the  Laryngeal  Mask  Airway  .\s  an  Alternative  to  the  Tracheal  Tube  during  .\nihu- 
latory  Anesthesia— Benumol  JL.  Aneslh  Analg  m'-),S;.S7(4):977-97S. 

Use  of  a  Lighted  Stylet  for  Tracheal  Intubation  through  the  Intubating  Laryngeal  Mask — 

Asai  T,  Shmgu  K.  Lallo  IP.  Aneslh  Analg  1  WS;S7(4):y7y. 

Small  Airways  and  Asthma:  An  Important  Therapeutic  Target?  (review) — Howaith  PH. 
Am  J  Respir  Cril  Care  Med  1998:157(5  Pt  2i:S17.V 

The  Development  of  Large  and  Small  .\irways  (review) — JelTrey  PK.  Am  J  Respir  Cril  Care 
Med  I99S;I57(.5  Pi  2); SI 74-8180. 

Being  More  Positi\c  about  Negative  \  eiililation?— Wysoeki  M.  Eur  Respn  J  I998:I2(.^):.^  15- 


Computer  Tomographic  Assessment  of  Per- 
fluorocarbon  and  Gas  Distribution  during 
Partial  Liquid  Ventilation  for  Acute  Respir- 
atory Failure — Qnintel  M.  Hirsehl  RB.  Roth 
H.  Loose  R.  \an  Ackern  K.  Am  J  Respir  Cril 
Care  Med  I998;I58(  I  ):249. 

The  average  in  \  ivo  ehest  computed  tomo- 
graphic (CT)  attenuation  number  (air  =  -l.dOO. 
soil  tissue  =  0,  pcrllubron  =  -f  2.300  Hounslield 
units  |HU])  of  10  venlrodorsal-oriented  lung 
segments  was  calculated  to  assess  the  distribu- 
tion of  gas  and  pcrllubron  in  14  oleic  acid  lung- 
injured  adult  sheep  during  partial  liquid  venti- 
lation (PLV,  n  =  7)  or  gas  ventilation  (GV.  n  = 
7).  Parlial  liquid  venlilation  was  associated  with 
a  significant  decrease  in  shunt  liaction  (PLV  = 
40  ±  12%.  GV  =  76  ±  129;.  p  =  (1.004). 
Computed  tomographic  attenuation  data  durnig 
expiration  (HUcxp)  demonstrated  minimal  gas 
aeration  in  GV  animals  in  the  dependent  (seg- 


ments 6-101  lung  zones  (HUexp  =  -562  ±  108 
lor  segments  1-5.  HUexp  =  -165  ±  104  lor 
segments  6-10.  p  =  0.015).  During  PLV.  per- 
tlubion  was  predominantly  distributed  to  the 
dependent  lung  legions  (HUexp  =  579  ±  338 
for  segments  1-5,  HUexp  =  790  ±  149  tor 
segments  6-10.  p  =  0.04).  The  ratio  of  the 
inspiratory  to  expiiatoiy  HU  (HUinsp/exp)  was 
greater  in  dependent  than  nondependent  legions 
(mean  HUinsp/exp  segmenis  1-5  =  0.56.  seg- 
ments 6-10  =  0.81.  p  =  0.01 ),  indicating  thai 
during  inspiration  relatively  more  gas  than  per- 
llubron  was  distributed  to  the  nondependent  lung 
regions.  We  conclude  that  during  PLV  in  this 
lung  injury  model.  ( I )  gas  exchange  is  improved 
when  compared  with  gas  ventilation.  (2)  per- 
nubron  is  distributed  predominantly  to  the  de- 
pendent regions  of  the  lung,  and  (3)  although 
gas  is  disirihuted  thioughout  the  lung  with  each 
inspiration,  more  gas  than  perniihron  goes  to 
the  nondependent  lung  regions. 


Preflight  versus  en  Route  Success  and  Com- 
plications of  Rapid  Sequence  Intubation  in 
an  Air  Medical  Service — Slater  EA.  Weiss  SJ. 
Ern.st  AA.  Haynes  M.  J  Trauma  1998:45(3): 
588. 

BACKGROUND:  Maintenance  of  an  airwa\  in 
the  air  medically  transported  piitient  is  of  par- 
amount imporlance.  The  purpose  ol  ihis  stud\ 
IS  to  compare  preflight  \ersus  en  route  rapid 
sequence  intubation  (RSI)-assisted  intubations 
.md  to  determine  the  \  alue  of  air  medical  use  of 
RSI.  METHODS:  This  study  is  a  3  l-monlh  ret- 
rospective review  of  all  patients  intubated  and 
Iranspoited  by  a  large  city  air  medical  ser\  ice. 
Subgroup  analysis  was  based  on  whether  pa- 
tients were  transported  I'lom  a  hospital  or  a  scene 
:ind  w  helher  lhe\  w  ere  niliihaled  prellighl  or  en 
route.  InlornKiiion  on  .ige.  ( llasgow  Coma  Scale 
score.  I\pe  ol  scene,  ground  time.  :ind  previous 
:illempts  ,il  intubation  w;is  recorded.  Complica- 
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lions  iiicluded  l.illuics,  nuillipic  ullcmpis  al  in- 
tubation, arrhythmias,  and  need  lor  repealed  par- 
alytic agents.  Comparisons  were  made  using  a 
confidence  interval  analysis.  An  alpha  of  0.05 
was  considered  significant;  Bonferroni  correc- 
tion was  used  lor  multiple  comparisons.  RE- 
SULTS: Three  hundred  twenty-five  patients 
were  intubated  and  transported  by  Lilellight  dur- 
ing the  study  period.  Two  hundred  eighty-eight 
patients  were  intubated  usuig  RSI  ^H9'■i  ).  The 
success  rate  was  97"^^.  Prefiighl  intubations  were 
performed  on  100  hospital  calls  and  86  scene 
calls.  En  route  intubations  were  performed  on 
40  hospital  ca.ses  and  62  scene  calls.  Patients 
who  underwent  pretlight  intubations  were  sig- 
nificantly younger  than  those  who  underwent 
en  route  intubations  for  both  the  hospital  group 
(34  ±  II  vs.  44  ±  24  years,  p  <  0.05)  and  the 
scene  group  (27  ±  13  vs.  32  ±  16  years. p  < 
0.05).  Otherwise,  the  demographic  characteris- 
tics of  the  four  groups  were  similar.  Traimia 
accounted  for  60  to  70%  of  hospital  transfers 
and  almost  95  to  lOO'/f  of  scene  calls.  Com- 
pared with  preflight  intubations,  there  was  a 
significant  decrease  in  ground  time  for  hospital 
patients  who  were  intubated  en  route  (26  ±  10 
vs.  34  ±  1 1  minutes,  p  <  0.05)  and  for  scene 
patients  who  were  intubated  en  route  ( 1 1  ±  8 
vs.  18  ±  9  minutes,  p  <  0.05).  There  were  no 
significant  differences  between  the  groups  for 
number  of  failures  (9  of  288).  arrhythmias  ( 18 
of  288),  or  necessity  for  repeated  paralysis  (8  of 
288).  Multiple  intubation  attempts  were  per- 
formed in  more  scene  preflight  patients  (30  of 
86.  35%)  than  scene  en  route  patients  ( 16  of  62. 
26%).  but  this  did  not  reach  statistical  signifi- 
cance. Even  for  patients  having  previous  at- 
tempts at  intubation,  the  success  rate  using  RSI 
was  93%  (62  of  67).  CONCLUSION:  Air  med- 
ical intubations,  both  pretlight  and  en  route,  for 
both  scene  calls  and  interhospital  transports,  can 
be  done  with  a  very  high  success  rate.  Rapid 
sequence  intubation  may  improve  the  success 
rate.  For  scene  calls,  there  was  a  significant 
decrease  in  ground  time,  and  there  was  a  trend 
toward  fewer  multiple  intubation  attempts  when 
the  patient  was  intubated  en  route  instead  of 
prellight. 

Abdominal  Compartment  Syndrome  (re- 
view)— Saggi  BH,  Sugcrman  HJ.  Ivatury  RR. 
Bloomfield  GL.  J  Trauma  19y8;45(3):.597. 

The  ACS  IS  a  cluneal  cnlily  llial  develops  from 
progressive,  acute  increa.ses  in  lAP  and  affects 
multiple  organ  systems  in  a  graded  fashion  be- 
cause of  differential  susceptibilities.  The  gut  is 
the  organ  most  sensitive  to  lAH.  and  it  devel- 
ops evidence  of  end-organ  damage  before  the 
development  of  the  classic  renal,  pulmonary, 
and  cardiovascular  signs.  Intracranial  derange- 
ments with  ACS  are  now  well  described.  Treat- 
ment involves  expedient  decompression  of  the 
abdomen,  without  which  the  syndrome  of  end- 
organ  ilamagc  and  reduced  oxygen  delivery  ma) 


lead  lo  Ihc  development  of  mulliplc  organ  kiil- 
ure  and.  ultimately,  death.  Multiple  trauma,  mas- 
sive hemorrhage,  or  protracted  operation  with 
massive  volume  resuscitation  are  the  situations 
in  which  the  ACS  is  most  frequently  encoun- 
tered. Knowledge  of  the  ACS.  however,  is  also 
essential  for  the  management  of  critically  ill 
pediatric  patients  (especially  those  with  AWD) 
and  in  understanding  the  limitations  of  laparos- 
copy.  The  role  of  lAH  in  the  pathogenesis  of  NEC. 
central  ohesilv  co-morbidities,  and  pre-eclampsiii/ 
eclampsia  remains  lo  be  fully  studied. 


Negative  Pressure  \entilati(in  versus  Con- 
ventional Mechanical  Ventilation  In  the 
Treatment  of  Acute  Respiratory  Failure  in 

COPD  Patients— Corrado  A.  Gonm  K\.  Gi- 
nanni  R.  Pelagatti  C.  Villella  G.  Buoncrisiiano 
U.  et  al.  Eur  Respir  J  I998;l2(3l:519. 

This  case-control  study  was  aimed  to  evaluate 
the  effectiveness  of  negative  pressure  ventila- 
tion (NPV)  versus  conventional  mechanical  ven- 
tilation (CMV)  for  the  treatment  of  acute  respi- 
ratory failure  (ARE)  in  patients  with  chronic 
obstructive  puhnonary  disease  (COPD)  admit- 
ted to  a  respiratory  intermediate  intensive  care 
unit  (RIICU)  and  four  general  intensive  care 
units  (ICU).  Twenty-six  COPD  patients  in  ARE 
admitted  in  1994-95  to  RIICU  and  treated  with 
NPV  (casesi  were  matched  according  to  age  ( ± 
5  yrs).  sex.  causes  triggering  ARE.  Acute  Phys- 
iology and  Chronic  Health  Evaluation 
(APACHE)  II  .score  (±  5  points),  pH  (±0.05) 
and  arterial  carbon  dioxide  tension  (PaCO-,)  on 
admission  with  26  patients  admitted  to  ICU  and 
treated  with  CMV  (controls).  The  primary  end 
points  of  the  study  were  inhospital  death  for 
both  groups  and  the  need  for  endotracheal  in- 
tubation lor  cases.  The  secondary  endpoints 
were  length  and  complications  of  mechanical 
venlilalion  and  length  of  hospital  stay.  The  ef- 
fectiveness of  matching  was  9 1  '/i .  Mortality  rate 
was  23%  for  cases  and  27%  for  controls  (NS). 
five  cases  needed  endotracheal  intubation,  four 
of  whom  subsequcnilv  died.  The  duration  of 
vcniilation  in  survivors  was  significantly  lower 
m  cases  than  in  controls,  with  a  median  of  16  h 
(range  2-1  I  I)  versus  96  h  (range  12-336) 
(p<().()2),  whereas  the  length  ol  hospital  slay 
was  similar  m  Ihc  Iwo  groups,  »  ith  a  median  of 
I2ilays(iangc  2-47)  lorc.iscs  vs  I2davs(range 
3-43)  (NS)  for  controls.  No  complications  were 
observed  in  ca.ses.  whereas  three  controls  de- 
veloped infective  complications.  These  results 
suggest  Ihat  negative  pressure  venlilalion  is  as 
efficacious  as  conventional  mechanical  venlila- 
lion for  Ihc  lic.ilmciil  ol  .iciilc  ivspn.ilniv  lail- 
uiv  111  p:ilicnls  wilh  chronic  olvslniclivc  piilmn- 
nary  disease  .iiid  ih.il  il  is  associated  wilh  a 
shorter  diii.ilion  nl  vcnlil.ilion  and  a  similar 
length  ol  hiispiial  sl.iv  compared  wilh  convcn- 
Iional  mechanical  venlilalion. 


Influence  of  Acute  Lung  \oIunie  Change  on 
Contractile  Properties  of  Human  Dia- 
phragm— Polkev  -Ml.  Hamnegard  CH.  Hughes 
PD.  RalTcrly  GE.  Green  M.  Moxham  J.  .1  AppI 
Physiol  1998:85(41:1322. 

The  effect  of  stimulus  frequcncv  on  the  m  vivo 
pressure  generating  capacity  ol  llic  human  dia- 
phragm is  unknown  al  lung  volumes  other  than 
functional  residual  capacity.  The  iransdiaphrag- 
malic  pressure  (Pdi)  produced  by  a  pair  of 
phrenic  nerve  stimuli  may  be  viewed  as  the 
sum  of  the  Pdi  elicited  by  the  first  (Tl  Pdi)  and 
second  (T2  Pdi)  stimuli.  We  used  bilateral  an- 
terior supramaximal  magnetic  phrenic  nerve 
slimulation  and  a  digital  subtraction  technique 
lo  obtain  the  T2  Pdi  at  inlerstiniulus  intervals  of 
999.  100.  50.  33.  and  10  ms  in  eight  normal 
subjects  al  lung  volumes  between  residual  vol- 
ume and  lolal  lung  capacity.  The  reduction  in 
T2  Pdi  lhat  we  observed  as  lung  volume  in- 
creased was  greatesl  at  long  inlerstiniulus  in- 
tervals, whereas  the  r2  Pdi  obtained  with  short 
inlerslimuJLis  intervals  remained  relatively  sta- 
ble ov  CI  llic  50'  I  of  V  Hal  capacity  around  func- 
tional residual  capacity.  For  all  interstimulus 
intervals,  the  total  pressure  produced  by  the  pair 
decreased  as  a  function  of  increasing  lung  vol- 
ume. These  data  demonstrate  that,  in  the  human 
diaphragm,  hyperintlation  has  a  disproportion- 
ately severe  effect  on  the  summation  of  pres- 
sure responses  elicited  by  low-frequency  stim- 
ulations: this  effect  is  distinct  from  and 
additional  lo  ihc  known  length-tension  relation- 
ship. 

Expiratory  Flow  Limitation  and  Intrinsic 
Positive  End-Expiratory  Pressure  in  Obesi- 
ty—Pankow  W.  Pods/us  T.  Gulheil  T.  Pen/el 
T.  Peter  J.  Von  Wicherl  P.  J  AppI  Physiol  1998; 

85(4):  1 236. 

Breathing  at  very  low  lung  volumes  might  be 
affected  by  decreased  expiratory  airflow  and  air 
trapping.  Our  purpose  was  to  detect  expiratory 
flow  limitation  (EEL)  and.  as  a  consequence, 
intrinsic  positive  end-expiratory  pressure 
(PEEPi)  in  grosslv  obese  subjecis  (OS).  Eight 
OS  with  a  mean  body  mass  index  (BMI)  of 
44  ±  5  kg/m2  and  six  age-matched  normal- 
weight  control  subjects  (CS)  were  studied  in 
different  body  positions.  Negative  expiratory 
pressure  (NEP)  was  used  to  determine  EEL.  In 
contrast  lo  CS.  EEL  was  found  in  two  of  eight 
OS  in  the  upright  posUion  and  in  seven  of  eight 
OS  in  the  supine  posiium.  Dviiamic  PEEPi  and 
mean  transdiaphiagiiKilic  pressure  (mean  Pdi) 
were  measured  in  all  six  CS  and  in  six  of  eight 
OS,  In  OS.  PI-;i;i'i  increased  from  0.14  ±  0.06 
(Sl)i  kPa  in  Ihc  upnghl  position  lo  1)41  •  0,11 
kP.i  111  llie  supine  position  (p  ■  0,05 1  and  dc- 
cic:iscd  lo  0,20  +  0.08  kPa  in  Ihc  iiglii  lateral 
piisiiion  (p  <  0.05.  compared  wiili  supine). 
whcicas.  in  CS.  PEEPi  was  sigmlicaiillv  smaller 
(0,05  kl',1)  111  c.ich  position.  In  OS.  mean  Pdi 
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Simple,  Effective 


Simple  to  Use,  Simple  to  Teach 

^  As  simple  as  twist,  click,  and  inhale. 

^  Virtually  all  patients  6  years  and  older  are  able 
to  generate  sufficient  inspiratory  flow.'^* 

^  In  one  study,  100%  of  patients  (N=50)  studied 
were  able  to  use  Turbuhaler®  correctly  after 
verbal  and  written  instruction.' 

^  The  ^^SS^t  Once-Daily  Inhaled  Corticosteroid  for  Asthma  Control 

in  children  and  adults  with  mild  to  moderate  asthma  who  are  well  controlled 
on  inhaled  corticosteroids.* 

If  the  once-daily  treatment  with  Pulmicort  Turbuhaler'  does  not  provide  adequate  control  of  asthma  symptoms,  the  total  daily  dose  should 
be  increased  and/or  odmlnistered  os  a  divided  dose. 


Demonstrated  Lung 
Distribution  and 
Deposition"** 

Pulmicort  Turbuhaler  is  an 
inhalation-driven  device 
providing  a  simple,  effective 
delivery  system  that  transports 
an  effective  dose  of  budesonide 
directly  to  where  it's  needed. 


Pulmicort  Turbuhaler® 


*ln  adult  patients  witti  asthma 
(mean  FEV,  2.9  L),  mean  peak  Inspiratory 
flow  |PIF|  througti  PULMICORT 
TURBUHALER"  was  78  L/mln.  Similar 
results  (mean  PIF  82  L/mln)  were 
obtained  In  astfimatic  cliildren 
(6  to  15  years,  mean  FEV,  2. 1  L). 

t  Administered  either  In  the  morning 
or  in  the  evening 


Scintigraph  showim  the  deposition  pattern  of'""Tc-labeled  budesonide 
inhaled  from  Turbuhaler' 

Scintigraphy  is  not  a  validated  surrogote  for  clinical  effect. 
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Long-Term  Pediatric  Study  Sho>vs  No  Significant  Changes  in 
Height  at  <  400  meg/Da^ 
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Note:  The  long-term  effect  of  Pulmicort  Turbuhaler  on  patient  growth  is  not 
fully  known. 

*  Pulmicort  pMDI  is  not  ovailoble  in  the  US. 

t  Recommended  pediatric  starting  dose  is  I  inhalation  of  200  meg,  twice  daily. 


►  Children  (aged  3  to  11 )  were 
followed  for  2  to  7  years. 

^  Mean  daily  dose  for  Pulmicort 
Turbuhaler""  was  445  meg/day 
Mean  daily  dose  for  Pulmicort 
pMDI*  was  620  meg/day 

^  Doses  of  budesonide  above 
400  meg/day  (up  to  800  meg/day | 
were  associated  with  a 
statistically  significant  reduction 
in  height  velocity  when  compared 
to  periods  of  no  budesonide  and 
low  dose  budesonide  treatment.* 

^  Pediatric  dosing  range — 
200  to  800  meg/day 


^  Incidence  of  adverse  events  in  past  trials  with  Pulmicort  Turbuhaler  at  200  meg  twice 
daily  and  with  placebo,  respectively,  was  as  follows:  respiratory  infection-20%,  17%; 
headache-14%,  7%;  oral  candidiasis-2%,  2%;  dysphonia-1%,  0%;  and  pharyngitis-107o,  9%. 

CAUTION:  ADRENAL  INSUFFICIENCY  MAY  OCCUR  WHEN  TRANSFERRING  PATIENTS  FROM  SYSTEMIC  STEROIDS  (see  WARNINGS  in  brief 
summary  on  adjacent  page). 


''^r  Pulmicort m 


§ 


^  //mm 

(budesonide  inhalation  powder) 


Circle  120  on  reader  service  card 


PULMICORT  TURBUHALER^Ibudesonide  inhalation  powder) 

for  Orol  Inholotion  Only.  BRIEF  SUMMARY 

■,"i3[;  onlv  see  lull  ptescfibing  inloimalion  lot  complele  product  intormalion 
INDICATIONS  AND  USAGE 

t  lied  lor  Ihe  maintenance  treatment  of  asltima  as  prophylactic  ttierapy  in  adult  and 

I .  ■  older  II  is  also  indrcated  lor  patients  retjuiring  oral  corlrcosleroid  ttierapy  lor 

1'         '  L    jj  De  able  to  reduce  or  eliminate  their  requiiemenl  lor  oral  corticosteroids  over  trme 

-a.lR  :s  NOT  indicated  lor  the  lelief  ol  acute  bronctiospasm 
CONTRAINDICATIONS 

i     ',  1  '.lER  IS  conlraindicated  in  the  primary  tcealmeni  ol  slalus  asthmalicus  or  oilier  acute  episodes  ol 

d:,;:,  no  .'.Ml. I..  ..,„  .,L,..c  measures  are  required 

Hypeisensilivily  10  bydesonide  conlraindicales  the  use  ol  PULN/IICORT  TURBUHALER 
WARNINGS  


Paiticulai  care  is  needed  lor  patients  who  are  ttansleried  Iram  systemicatly  active  corlicosteroids  to  PULMICORT 
TURBUHALER  because  deaths  due  to  adrenal  insutliciency  have  occurred  in  asthmatic  patients  during  and  alter 
Iransler  Irom  systemic  corticosteroids  to  less  systemicatly  available  inhaled  corlicosteroids  Alter  withdrawal  liom 
systemic  corticosleroids,  a  number  ol  months  are  required  lor  recovery  ol  HPA  lunclion 

Patients  who  have  been  previously  maintained  on  20  mg  or  more  per  day  of  prednisone  (or  ils  equivalent)  may 
be  most  susceptible,  particulaily  when  theii  systemic  corticosleroids  have  been  almost  completely  withdrawn 
During  this  period  of  HPA  suppression,  patients  may  exhibit  signs  and  symptoms  ol  adrenal  insutliciency  when 
exposed  to  trauma,  surgery,  or  inlection  (particularly  gastroenteritis)  or  other  conditions  associated  with  severe 
electrolyte  loss.  Although  PULIVIICOflT  TURBUHALER  may  provide  control  ol  aslhma  symptoms  during  these 
episodes,  m  recommended  doses  it  supplies  less  than  normal  physiological  amounts  ol  glucocorticoid 
systemicatly  and  does  NOT  provide  the  mineralocorticoid  activity  that  is  necessary  for  coping  with  Ihese 
emergencies 

During  periods  ot  stress  or  a  severe  aslhma  attack,  patients  who  have  been  withdrawn  Irom  systemic 
corticosteroids  should  be  instiucted  to  resume  oral  corticosteroids  (in  large  doses)  immediately  and  to  contact  their 
physicians  lor  further  instruction.  These  patients  should  also  be  inslructed  to  carry  a  medical  idenlilicalion 
card  indicating  that  they  may  need  supplementary  systemic  corticosteroids  during  periods  ol  stress  or  a  severe 
asthma  attack 


Iransler  ol  patients  from  systemic  corticosteroid  therapy  to  PULNHICORT  TURBUHALER  may  unmask  alleigic  conditions 
previously  suppressed  by  the  systemic  corticosteroid  therapy,  e  g ,  rhinitis,  coniunclivilis,  and  ec;ema 

Patients  who  are  on  drugs  which  suppress  the  immune  system  are  more  susceptible  to  inlection  than  healthy 
individuals,  (ihicken  pox  and  measles,  foi  example,  can  have  a  more  serious  or  even  lalal  course  in  susceptible  pediatric 
patients  or  adults  on  immunosuppressant  doses  ol  corticosteroids  In  pediatric  or  adult  patients  who  have  not  had  these 
diseases,  particular  care  should  be  taken  to  avoid  exposure  How  the  dose,  route  and  duration  ol  corticosteroid 
administration  afiects  the  risk  of  developing  a  disseminated  inlection  is  not  known  The  contribution  ot  the  underlying 
disease  and/or  prior  corticosteroid  treatment  to  the  risk  is  also  not  known  II  exposed,  therapy  with  varicella  zoster 
immune  globulin  (VZIG)  or  pooled  intravenous  immunoglobulin  (tVIG),  as  appropriate,  may  be  indicated  It  exposed  to 
measles,  prophylaxis  wilh  pooled  intramuscular  immunoglobulin  (IG)  may  be  indicated  (See  the  respective  package 
insert  lor  complete  VZIG  and  IG  prescribing  information )  It  chicken  pox  develops,  treatment  with  antiviral  agents  may 
be  considered, 

PULMICORT  TURBUHALER  is  not  a  bronchodilator  and  is  not  indicated  lor  rapid  reliel  ol  bronchospasm  or  other 
acute  episodes  of  aslhma 

As  with  olhei  inhaled  asthma  medications,  bronchospasm,  with  an  immediate  increase  in  wheezing,  may  occur  after 
dosing  It  bronchospasm  occurs  lollowing  dosing  with  PULMICORT  TURBUHALER,  it  should  be  treated  immediately 
wilh  a  last-acting  inhaled  hronchodilaloi  Treatment  with  PULMICORT  TURBUHALER  should  be  discontinued  and 
alternate  therapy  instituted 

Patients  should  be  instructed  to  contact  their  physician  immediately  when  episodes  ol  aslhma  not  responsive  to  their 
usual  doses  ol  bronchodilators  occur  during  treatment  with  PULMICORT  TURBUHALER  During  such  episodes,  palienis 
may  require  therapy  with  oral  corticosteroids 
PRECAUTIONS 

General:  During  withdrawal  from  oral  corticosteroids,  some  patients  may  experience  symptoms  of  systemicatly  active 
corticosteroid  withdrawal,  eg ,  joinl  and/or  muscular  pain,  tassilude,  and  depression,  despite  maintenance  or  even 
improvement  ot  respiratoiy  function 

PULMICORT  TURBUHALER  Witt  otten  permit  control  ol  aslhma  symptoms  with  less  suppression  ol  HPA  lunction  than 
therapeulically  equivalent  oral  doses  ol  prednisone  Since  hudesonide  is  absorbed  into  the  circulation  and  can  be 
systemicatly  active  at  higher  doses,  the  lull  beneficial  ellects  ol  PULMICORT  TURBUHALER  in  minimizing  HPA 
dyslunction  may  be  expected  only  when  recommended  dosages  are  not  exceeded  and  individual  patients  are  titrated  to 
the  lowest  elfeclive  dose  Since  individual  sensitivity  to  elfecis  on  Cortisol  produclion  exists,  physicians  should  consider 
Ihis  information  when  prescribing  PULMICORT  TURBUHALER 

Because  ol  the  possibility  of  systemic  absorption  ol  inhaled  corticosteroids,  patients  treated  with  Ihese  drugs  should 
be  observed  caretully  lor  any  evidence  of  systemic  corticosteioid  ellects  Particular  care  should  be  taken  in  observing 
palienis  postoperatively  or  during  periods  ol  stress  for  evidence  ol  inadequate  adrenal  response 

II  IS  possible  thai  systemic  corticosteroid  effects  such  as  hypercorticism  and  adrenal  suppression  may  appear  in  a 
smalt  number  of  patients,  particularly  at  higher  doses,  II  such  changes  occur,  PULMICORT  TURBUHALER  should  be 
reduced  slowly  consistent  with  accepted  procedures  lor  management  of  asthma  symptoms  and  lor  tapering  ot  systemic 
steroids, 

A  reduction  of  growth  velocity  in  children  oi  teenagers  may  occur  as  a  result  ol  inadequate  control  ol  chronic  diseases 
such  as  asthma  or  from  use  of  corticosteroids  lor  treatment  Physicians  should  closely  tot  low  the  growth  ol  all  pediatric 
palienis  taking  corticosteroids  by  any  route  and  weigh  the  benefits  ol  corticosteroid  therapy  and  aslhma  control  against 
the  possibitily  ol  growth  suppression  (see  PRECAUTIONS,  Pediatric  Use  section) 

Although  patients  in  clinical  trials  have  received  PULMICORT  TURBUHALER  on  a  continuous  basis  for  periods  of 
1  to  2  years,  the  long-term  local  and  systemic  elfects  ol  PULMICORT  TURBUHALER  in  human  subiecis  are  not 
completely  known  In  particular,  the  effects  resulting  Irom  chronic  use  ol  PULMICORT  TURBUHALER  on  developmental 
or  Immunological  processes  in  the  moulh,  pharynx,  trachea,  and  lung  are  unknown 

In  clinical  trials  with  PULMICORT  TURBUHALER,  localized  intections  with  Candida  albicans  occurred  in  the  mouth 
and  pharynx  in  some  patients  11  oropharyngeal  candidiasis  develops,  it  should  be  treated  with  appropriate  local  or 
systemic  (i,e ,  oral)  aniilungal  therapy  white  still  continuing  with  PULMICORT  TURBUHALER  therapy,  but  at  times 
therapy  with  PULMICORT  TURBUHALER  may  need  to  be  temporarily  inleirupted  under  close  medical  supervision 

Inhaled  corticosteroids  should  be  used  wilh  caution,  il  at  alt,  in  patients  with  active  or  quiescent  tuberculosis  inlection 
ot  the  respiratory  trad,  untreated  systemic  fungal,  bacterial,  viiat  or  parasitic  intections,  or  ocular  herpes  simplex 

Rare  instances  of  glaucoma,  increased  intraocular  pressure,  and  cataracts  have  been  reported  following  the  inhaled 
administration  ol  corticosteroids 
Drug  Interactions:  In  clinical  Studies,  concurrent  administration  ol  budesonide  and  other  drugs  commonly  used 

!■     I  I'lina  has  not  resulted  in  an  increased  frequency  ol  adverse  events  Ketoconazote,  a  potent  inhibitof 

'i'   ,'    '         I',      ■'.  may  increase  plasma  levels  ol  budesonide  during  concomitani  dosing  The  clinical  significance 
'    it.ition  ol  ketoconazole  with  PULMICORT  TURBUHALER  is  not  known,  but  caulion  may  be 

Carcinogenesis,  Mutagenesis,  Impairment  of  Fertility:  Long-teim  studies  were  conducted  in  mice  and  rats 

,  I  '  I  irrenic  potential  ol  budesonide 

■,  ;  '  ;  !'  '  ;■  '  ■iieoi  when  budesonide  was  administered  orally  lor  91  weeks  to  mice  at 
doses  up  to  200  rncg/kg/day  lapproximaielv  the  maximum  recommended  daily  inhalation  dose  in  adults  and  children 
on  a  mcg/m  basis) 

In  a  104-week  oral  study  in  Sprague-Dawtey  rats,  a  stalistically  signilicant  increase  in  the  incidence  ot  gliomas  was 
observed  in  male  rats  receiving  an  oral  dose  ol  50  mcg/kg/day  (approximately  v,  Ihe  maximum  recommended  daily 
inhalation  dose  on  a  mcg/m'  basis);  no  such  changes  were  seen  in  male  rats  receiving  oral  doses  of  10  and  25  mcgAg/day 
(approximately  '-,,,  and  '',  Ihe  maximum  recommended  daily  inhalation  dose  on  a  mcg/m'  basis)  or  in  lemale  rats  at 
oral  doses  up  to  50  mcg/Vg/day  (approximately  'i,  the  maximum  recommended  human  daily  inhalation  dose  on  a 
mcg/m'  basis) 

Two  additional  104-week  carcinogenicity  studies  have  been  performed  with  oral  budesonide  at  doses  of  50  mcgAg/day 
(approximately '  the  maximum  recommended  daily  inhalation  dose  in  adults  and  children  on  a  mcg/m-  basis)  in  male 
Sprague-Dawley  and  Fischer  rals  These  studies  did  not  demonstrate  an  increased  glioma  incidence  in  budesonide- 
treated  animals  as  compared  wilh  concurrent  controls  or  reference  coilicosleroid-lreated  groups  (prednisolone  and 
triamcinolone  acelonide)  Compared  with  concurrent  controls,  a  statislically  significant  increase  in  the  incidence  of 
hepatocellular  tumors  was  observed  in  all  three  steroid  groups  (budesonide,  prednisolone.  Iriamcmolone  acelonide)  in 
Ihese  studies 

The  mutagenic  potential  ol  budesonide  was  evaluated  in  six  dilterent  lest  systems:  Ames  Salmonella/miciosome  plate 
test,  mouse  micionucleus  test,  mouse  lymphoma  test,  chromosome  aberration  lest  in  human  lymphocytes,  sex-linked 
recessive  lelhal  lest  in  Drosophila  melanogaster,  and  DNA  repair  analysis  in  rat  hepatocyle  culture  Budesonide  was  not 
mutagenic  or  claslogenic  in  any  ol  these  tests 

The  edea  ol  subcutaneous  budesonide  on  fertility  and  general  reproductive  pertormance  was  studied  in  rats.  At 
20  mcfl/ko/day  (approximately ''.  Ihe  maximum  recommended  daily  inhalalion  dose  in  adults  on  a  mcg/nr'  basis),  decreases  in 
n^temal  body  weight  gam,  pienalal  viability,  and  viability  ol  Ifie  young  at  birth  and  doling  laclalion  were  observed  No 
'.(ich  elfects  weie  noted  at  5  mcg/kg  (approximately  ''t  the  maximum  recommended  daily  inhalalion  dose  in  adults  on  a 
'^iTVm  tasisl 


Pregnancy:  Teratogenic  Effects:  Pregnancy  Category  C  As  wilh  other  glucocorticoids,  budesonide  produced  fetal 
toss,  decreased  pup  weight  and  skeletal  abnormalities  at  subcutaneous  doses  ol  25  mcg/kg/day  in  rabbits 
(approximately '',  Ihe  maximum  recommended  daily  inhalation  dose  in  adults  on  a  mcg/m'  basis)  and  500  mcg/kg/day 
in  rals  (approximately  3  times  Ihe  maximum  recommended  daily  inhalation  dose  in  adults  on  a  mcg/m-  basis) 

No  teratogenic  oi  embryocidal  eftects  were  observed  in  rats  when  budesonide  was  administered  by  inhalation  at 
doses  up  to  250  mcg/kg/day  (approximately  2  limes  the  maximum  recommended  daily  inhalation  dose  in  adults  on  a 
mcg/m'  basis) 

There  are  no  adequate  and  well-controlled  studies  in  pregnant  women  Budesonide  should  be  used  during  pregnancy 
only  il  Ihe  potential  benelit  luslilies  the  potential  risk  to  Ihe  tetus 

Experience  with  oral  corticosteroids  since  their  introduction  in  pharmacologtc  as  opposed  to  physiologic  doses 
suggests  thai  rodents  are  more  prone  to  teratogenic  elfects  Irom  corticosteroids  than  humans 
Nonterologenic  Effects:  Hypoadrenalism  may  occur  in  intents  born  ol  mothers  receiving  corticosteroids  during 
;  ■         ,  '     '   ■' inis  should  be  carefully  observed. 
Nursing  Mothers:  Corticosteroids  are  secreted  in  human  milk.  Because  of  the  potential  tor  adverse  reactions  in 

I   '   I'll',    111  any  corticosteroid,  a  decision  should  tie  made  whether  to  discontinue  nursing  or  discontinue  the 
uiuy,  idMiiy  iiiiu  dccount  Ihe  importance  ol  the  drug  to  the  mother  Actual  data  lor  budesonide  are  lacking 
Pediatric  Use:  Safety  and  effectiveness  of  PULMICORT  TURBUHALER  in  pedialiic  patients  below  6  years  of  age  have 
not  been  established 

In  pediatric  asthma  patients  the  frequency  ol  adverse  events  observed  with  PULMICORT  TURBUHALER  was  similar 
between  the  6-  to  12-year  age  group  (N=172)  compared  with  the  13-  to  17-yeai  age  group  (N=124) 

Oral  corticosteroids  have  been  shown  to  cause  growth  suppression  in  pediatric  and  adolescent  patients,  particularly 
with  higher  doses  over  exienrjed  periods  If  a  pediatric  or  adolescenl  palieni  on  any  corticosteroid  appears  to  have 
growth  suppression  the  possibitily  that  they  are  particuterly  sensitive  to  this  elfect  of  corticosteroids  should  be 

-„.,.,.,.,,.„,  nlJf  CAUTIONS) 

Geriatric  Use:    - "  hundred  patients  65  years  or  older  were  included  in  the  US  and  non-US  controlled  clinical  trials 
■  HUHALER  There  were  no  dilferences  in  the  safety  and  efficacy  of  Ihe  drug  compared  to  those  seen 

ADVERSE  REACTIONS 

The  foltowing  adveise  reactions  were  reported  in  palienis  treated  with  PULMICORT  TURBUHALER 
The  incidence  ot  common  adverse  events  is  based  upon  double-blind,  placebo-conlrolted  US  clinical  Irials  in  which 

1 116  adult  and  pediatric  palienis  age  6-70  years  (472  females  and  644  males)  were  treated  with  PULMICORT 

TURBUHALER  (200  lo  800  meg  twice  daily  for  12  to  20  weeks)  or  placebo 
The  lollowing  teble  shows  the  incidence  ot  adverse  events  in  palienis  previously  receiving  bronchodilalors  and/or 

inhaled  corticosteroids  in  US  conlrolled  clinical  trials  This  populalion  included  232  mate  and  62  lemale  pediatric 

palienis  (age  6  to  17  years)  and  332  male  and  331  female  adult  patients  (age  18  years  and  greater) 


Adverse  Events  with  >  3%  Incidence  reported  by  PoHents  on  PULMICORT  TURBUHALER              | 

Adverse  Event 

Placebo 

N=284 

% 

PULMiCORI  liiBBlM.-IlP                            1 

200  meg  twice  daily 

N=286 

% 

400mr,Ql.vii.-'i!.jil, 

N=289 

% 

N=98 
% 

Respiratory  System 
Respiiatory  inlection 
Pharyngitis 
Sinusitis 
Voice  alleration 

17 
9 
7 
0 

20 

10 

1 

24 

9 

7 
2 

19 

5 

6 

Body  As  A  Whole 
Headache 
Flu  syndiome 
Pain 

Back  pain 
Fever 

7 
6 
2 

2 

14 
6 
5 
2 
2 

13 
6 
5 
3 
4 

14 
14 
5 
6 
0 

Digestive  System 
Oral  candidiasis 
Dyspepsia 
Gastioententis 
Nausea 

2 
2 
1 
2 

2 

2 

4 
2 
2 
1 

4 
4 
3 
3 

Average  Duration 
ol  Exposure  (days) 

59 

79 

80 

80 

The  teble  above  includes  all  events  (whether  considered  drug-related  or  non  drug-related  by  the  investigalois)  thai 
occurred  al  a  rate  ol  >3%  in  any  one  PULMICORT  TURBUHALER  group  and  were  more  common  than  in  the  placebo 
group  In  considering  these  date,  the  increased  average  duration  ot  exposure  tor  PULMICORT  TURBUHALER  patients 
should  be  taken  into  account 

The  following  other  adverse  events  occurred  in  these  clinical  mats  using  PULMICORT  TURBUHALER  with  an 
incidence  ol  1  to  3%  and  were  more  common  on  PULMICORT  TURBUHALER  than  on  placebo 
'  Cardiovascular   syncope 
'  Metebolic  and  Nutritional  weight  gam 
•  Nervous  hypertonia,  migraine 


I  Body  As  A  Whole:  neck  pain 

»  Digestive  abdominal  pain,  dry  mouth,  vomiting 

►  Musculoskeletel:  fracture,  myalgia 

'  Platelet,  Bleeding  and  Clotting:  ecchymosis 

•  Resistance  Mechanisms   inlection 


Psychiatric  insomnia 
Special  Senses  taste  perversion 
In  a  20-week  trial  in  adult  asthmatics  who  previously  required  oral  corticosteroids,  the  ellects  ol  PULMICORT 
TURBUHALER  400  meg  twice  daily  (N=53)  and  800  meg  twice  daily  (N=53)  were  compared  wilh  placebo  (N=53)  on  Ihe 
Ireguency  of  reported  adverse  events  Adverse  events,  whether  considered  drug-related  or  non  drug-related  by  Ihe 
mvesligators,  reported  in  more  than  live  patients  in  the  PULMICORT  TURBUHALER  group  and  which  occurred  more 
trequenlty  wilh  PULMICORT  TURBUHALER  than  placebo  are  shown  below  (%  PULMICORT  TURBUHALER  and 
%  placebo)  In  considering  these  date,  Ihe  increased  average  duration  ol  exposure  for  PULMICORT  TURBUHALER 
patients  (78  days  tor  PULMICORT  TURBUHALER  vs  41  days  lor  placebo)  should  be  taken  into  account 


Body  As  A  VVhole    asthenia  (9%  and  2%) 
headache  (12%  and  2%) 
pain  (10%  and  2%) 

Musculoskeletel      arthialqia  (6%  and  0%) 


Pafienis  Receiving  PULMICORT  TURBUHALER  Once  Daily 


Digeslive:      dyspepsia  (8%  and  0%) 
nausea  (6%  and  0%) 
dial  candidiasis  (10%  and  0%) 

Respiretory:    cough  Incieased  (6%  and  2%) 

respiratory  infeclion  (32%  and  13%) 
rhinilis  (6%  and  2%) 
sinusitis  (16%  and  11%) 


TURBUHALER  200  meg  and  400  meg,  and  placebo, 

'  study  population  included  both  patients  previously 

■  iving  corticosteroid  therapy  There  was  no  clinically 

ddiiy  ddminislralion  of  PULMICORT  TURBUHALER  when 


compani; '    ..      i    . 

Pediatric   Studies 

mainlaiiii  : 

wasconi[„i' 
letevani  v 

Adverse  Event  Reports  F 


placebo-conlrolted  trial  in  404  pedralric  patients  6  to  18  years  ol  age  previously 
Ihe  Irequencv  ol  adverse  events  tor  each  age  category  (6  to  12  years,  13  to  18  years) 
„|,,  i.irn,-.  1"--  ^00  and  400  meg  twrce  daily)  and  placebo  There  were  no  clinically 

-'nis  in  children  compared  with  Inose  reported  in  adults 
Other  Sources:  ■  ire  adverse  events  reported  rn  the  published  literature  or  Irom 
markeliiii]    'I  '!  ■   :  iivpersensilivily  reaclions  including  rash,  contact  dermalitis, 

urticaria,  anqioeaeina  ana  i)iiiin:iiusp.isiii  sviiipiuiii^  ol  hypocorticism  and  hypercorticism,  psychialric  symptoms 
including  depression,  aggressive  reactions,  iiiilability,  anxiety  and  psychosis. 

References: 

1  PedersenS  Hansen  OR  FuglsangG  tnlluence  ol  inspiratory  How  rate  upon  Ihe  elfect  ol  a  Turbuhalet^/c/iO/sC/iiW 
1990,65  308-319 

2  Persson  G,  Olsson  B,  Sotiman  S,  The  impact  of  inspiratory  effort  on  inspiratory  flow  through  Tuibuhaler  In  aslhmatic 
patients  tote/) J 1997, 10681-684, 

3  Duncan  J  Ning  AC,  Crompton  GK,  Clinical  assessment  of  a  new  mullidose  nonpressurised  metered-dose  inhaler  DiuQ 
/nvesd  990, 2(2)  136-137 

4  National  Heart.  Lung,  and  Blood  Inslilute  Srperf  Pinel  Repoit  II:  Guidelines  lor  Ihe  Diagnosis  and  ManagemenI  olAslhwa. 
Belhesda,  MD:  National  Inslilules  ol  Health  1997;  Publication  NIH  55-816:38-24, 

5  Thorsson  L  Edsbacker  S.  Conradson  T-B,  Lung  deposilion  ol  budesonide  from  Turbuhaler'  is  twice  thai  Irom  a 
pressurized  melered-dose  inhaler  P-MDI,  fi;ftefiJ1994;  7:1839-1844 

6  Data  on  tile  at  Asira, 

7  Aqertoll  L,  Pedeisen  S  Effects  of  tong-lerm  Ireatment  with  an  Inhaled  corticosteroid  on  growth  and  pulmonary  lunclion  in 
aslhmatic  childirai  te;i  Mai  1994,  88  373-381  00064 1 R02  Rev,  1 0/98 
A   ^irv>mm    A.-  *0°'3     PMB837 

AS    I    Iki^      Asica  USA,  Inc,  Weslborough,  MA  01581  December  1998 


Abstracts 


in  lml'Ii  pusilion  was  Miiniricanll)  largL'r  com- 
p,iix-d  Willi  CS.  Mean  Pdl  increased  Imni 
1.02  t  I)..i2  kPa  in  the  upright  position  to 
1. 26  ±  0.17  kPa  in  the  supine  position  (not 
significant)  and  decreased  to  I  .Od  ±  0.2fi  kPa 
in  the  right  lateral  position  Ip  <  0.05.  compared 
uilh  supine),  whereas  there  were  no  signil'icant 
changes  in  CS.  We  conclude  that  in  OS  1 )  tidal 
breathing  can  be  affected  by  EFL  and  PEEPi; 
2)  EFL  and  PEEPi  are  promoted  by  the  supine 
posture;  and  3)  the  increased  diaphragmatic  load 
in  the  supine  position  is.  in  part,  related  to  PEEPi. 

Kff'ect  of  Proloiijicd.  Heavy  Exercise  on  Pul- 
monary (ius  Exchange  in  Athletes — Hopkins 
SR,  c:a\  in  TP.  Sialakas  NM.  Hasclei  L.I.  Ollert 
IM.  Wagner  H.  Wagner  PD.  .1  AppI  Ph\siol 
IM>),S;,S,S(4):l.52.v 

Duiiiig  niaximal  exercise,  \cntilation-pciriision 
incqualily  increases,  especially  in  athletes.  The 
mechanism  remains  speculative.  We  hypothe- 
sized that,  if  interstitial  pulmonary  edema  is 
iinolved.  prolonged  exerci.se  would  result  in 
increasing  ventilation-perfusion  inequality  over 
time  by  exposing  the  pulmonary  vascular  bed 
Ui  high  pressures  for  a  long  duration.  The  re- 
sponse to  short-term  exercise  was  tnst  charac- 
teri/ed  in  six  male  athletes  [maximal  O,  uptake 
(VO,  max)  =  b}  niL  -kg  '  •  min  'J  by  using  5 
mill  ot  cycling  exercise  at  M).  65.  and  90*:*  VO, 
max.  Multiple  inert-gas.  blood-gas.  hemody- 
namic, nielabohc  rale,  and  ventilatory  data  were 
oblalncd.  Resting  log  SD  of  the  perliisioii  dis- 
tnbulioii  (log  SDQl  was  normal  |().50  =  0.0.^ 
(SE)]  and  increased  with  exercise  (log  SDQ  = 
0.65  ±  0.04.  p  <  0.  005).  alveolar-arterial  O, 
difference  increased  (to  24  ±  .^  Torr).  and  end- 
capillary  pulmonary  diffusion  limitation  oc- 
curred at  90%  VO,  max.  The  subjects  recov- 
ered for  30  min.  then,  after  resting  measurements 
were  taken,  exercised  for  60  min  at  approxi- 
mately 659c  VO,  max.  O,  uptake,  \entilation. 
cardiac  output,  and  alveolar-arterial  O,  differ- 
ence were  unchanged  after  the  first  5  min  ol 
(his  lest,  but  log  SDQ  increased  from  0.59  ± 
0.0.1  a(  5  mm  to  0,  66  ±  0.05  at  6(1  min  (p  < 
0.05).  without  pulmonary  diffusion  limitation. 
Log  SDQ  was  negatively  related  to  total  lung 
ca|iacity  normalized  for  body  surface  area  (r  = 
-0.97.  p  <  0.005  at  60  min).  These  data  are 
compatible  with  interstitial  edema  as  a  mecha- 
nism and  suggest  that  lung  size  is  an  important 
determinant  of  the  efficiency  of  gas  exchange 
during  exercise. 

Percutaneous  Dilatalional  Tracheostomy — 
Early  Results  and  Long-Term  Outcome  of 
326  Critically  III  Patients— Walz  MK.  Pen- 
gen  K.  Tluirauf  N.  Trost  HA.  WoltTiard  U, 
Sander  A,  etal.  Intensive  Care  Med  1998:24(7): 
6S5. 

OBJECTIVE:  To  anah/c  perioperative  and 
postoperative  complications  and  long-term  se- 


quelae iollowiiig  percutaneous  dilatalional  tra- 
cheostomy (PUT).  DESIGN:  A  prospectivcclin- 
ical  study  of  patients  undergoing  PDT. 
SETTING:  Seven  intensive  care  units  at  a  Uni- 
\cisii\  hospital  PATIENTS:  326  intensive  care 
palicnls  (202  male,  124  female:  age:  11-95 
years)  with  indications  for  tracheostomy.  IN- 
TERVENTIONS: Using  tracheoscopic  guid- 
ance. 337  PDTs  were  performed  according  to 
Ciaglias'  method.  In  106  decannulaled  patients, 
tracheal  narrowing  was  assessed  by  plain  tra- 
cheal radiography.  RESULTS:  Two  procedure- 
related  deaths  were  seen  (0.6%),  Perioperative 
and  postoperative  complications  occuired  with 
4.5'<  of  the  PDTs.  One  of  106  patients,  who 
weie  lollowcd-up  for  at  least  6  months,  showed 
a  clinically  relevant  tracheal  stenosis.  Subclin- 
ical tracheal  stenosis  of  at  least  10%  of  the 
cross-sectioned  area  was  recognized  in  46  of 
I  Oh  patients  (43.4%).  In  the  univariate  analysis, 
the  degree  of  .stenosis  was  influenced  by  the 
age  of  the  patient  (p  =  0.044),  the  duration  of 
intubation  prior  to  PDT  (p  =  0.042)  and  by  the 
duration  of  cannulation  (p  =  0.006).  These  pa- 
rameters had  no  statistical  significance  in  a  mul- 
tiple regression  model.  CONCLUSION:  When 
performed  by  experienced  physicians,  percuta- 
neous dilatalional  tracheostomy  under  fiberop- 
tic guidance  is  a  safe  method.  The  risks  of  early 
complications  and  of  clinically  relevant  tracheal 
stenoses  arc  low ,  Siihclinical  tracheal  stenoses 
are  found  in  about  40'.  of  patients  following 
PDT. 

.Acute  Hypoxemic  Respiratory  Failure  in 
Children:  Case  Mix  and  the  lllility  of  Respi- 
ratory Severity  Indices — Peters  MJ.  Tasker 
RC,  Kiff  KM,  ^■ates  R.  Hatch  DJ.  Intensive 
Care  Med  I99S:24(7):699. 

OBJECTIVE:  Acute  hypoxemic  respiratory  fail- 
ure (AHRF)  is  a  common  reason  for  emergency 
pediatric  intensive  care.  An  objective  assess- 
ment of  disease  severity  from  acute  physiolog- 
ical parameters  would  be  of  value  in  clinical 
practice  and  in  the  design  of  clinical  trials.  We 
hypothesised  that  there  was  a  difference  in  the 
best  early  respiratory  indices  in  those  who  died 
compared  with  tho.se  who  survived.  DESIGN: 
A  prospective  observational  study  of  118  con- 
secutive AHRF  admissions  with  data  analysis 
incorporating  all  blood  gases.  SETTING:  A  pe- 
diatric intensive  care  unit  in  a  national  chil- 
dren's hospital.  INTERVENTIONS:  None.  RE- 
SULTS: Mortality  was  26/118.  22%  (95% 
confidence  interval  1 8-26%^ ).  There  were  no  sig- 
nificant differences  in  the  best  alveolar-arterial 
oxygen  tension  gradient  (.-X-aDO,.  torn,  oxy- 
genation index  (Oil.  ventilation  index  (VI).  or 
P,,,,/F|,,,  during  the  first  2  days  of  intensive 
care  between  the  survivors  and  non-survivors. 
Only  the  mean  airway  pressure  (MAP.  cm  H,0) 
used  for  supportive  care  was  significantly  dif- 
ferent on  days  0  and  1  (p  <  0.05)  with  higher 
pressure  being  used  in  non-sur\i\ors.  Multiple 


logistic  regression  analysis  did  not  idenlily  any 
gas  exchange  or  ventilator  parameter  indepcn- 
deiitly  associated  with  mortality.  Rather,  all 
deaths  were  associated  with  coincident  pathol- 
ogy or  multi-organ  system  failuie,  or  perceived 
trealmeni  futility  due  to  pre-existing  diagnoses 
instead  of  unsupportable  respiratory  failure. 
When  using  previously  published  predictors  of 
outcome  (VI  >  40  and  OI  >  40:  A-aDO,  > 
450  for  24  h;  A-aDO,  >  470  or  MAP  >  23:  or 
A-aDO,  >  420)  the  risk  of  mortality  was  over- 
estimated significantly  in  the  current  popula- 
tion, CONCLUSION:  The  original  hypothesis 
was  refuted.  It  appears  that  the  outcome  of 
AHRF  in  present  day  pediatric  critical  care  is 
principally  related  to  the  severity  of  associated 
pathology  and  now  no  longer  solely  to  the  se- 
verity of  respiratory  failure.  Further  studies  in 
larijcr  series  arc  needed  to  confirm  these  find- 


Declining  Severity  .Adjusted  Mortality:  Evi- 
dence of  Improving  Neonatal  Intensive 
Care — Richardson  DK.  Gray  JE.  Gortmaker 
SL.  Goldmann  DA.  Pursley  DM.  McCormick 
MC.  Pediatrics  1998:102(4  Pt  1):893. 

Objecti\cs.  Declines  in  neonatal  mortality  have 
been  attributed  to  neonatal  intensive  care.  An 
alternati\c  to  the  belter  care'  hypothesis  is  the 
"better  babies'  hypothesis;  ie.  very  low  birth 
weight  infants  are  delivered  less  ill  and  there- 
fore have  better  survival.  Design.  We  ascer- 
tained outcomes  of  all  live  births  <I500  g  in 
two  prospective  inception  cohorts.  We  estimated 
mortality  risk  from  birth  weight  and  illness  se- 
verity on  admission  and  measured  therapeutic 
intensity.  We  calculated  logistic  regression  mod- 
els to  estimate  the  changing  odds  of  mortality 
between  cohorts.  Patients  and  Setting.  Two  co- 
horts in  the  same  two  hospitals,  5  years  apart 
(1989-1990  and  1994-1995)  (total  n  =  739). 
Results.  Neonatal  intensive  care  unit  mortality 
declined  from  17.1%  to  9.5%.  and  total  mor- 
tality declined  from  31.6%  to  18.4%.  Cohort  2 
had  lower  risk  (higher  birth  weight,  gestational 
age,  and  Apgar  scores  and  lower  admission  ill- 
ness severity  for  newborns  a  750  g).  Risk- 
adjusted  mortality  declined  (odds  ratio.  0.52: 
confidence  interval,  0.29-0.96).  One  third  of  the 
decline  was  attributable  to  'better  babies'  and 
two  thirds  to  'better  care.'  Use  of  surfactant, 
mechanical  ventilation,  and  pressors  became 
more  aggressive,  but  decreases  in  monitoring, 
procedures,  and  transfusions  resulted  in  little 
change  in  therapeutic  intensity.  Conclusions. 
Mortality  decreased  nearly  50%-  for  infants 
<  1 500  g  in  5  years.  One  third  of  this  decline  is 
attributable  to  improved  condition  on  admi.s- 
sion  that  reflects  improving  ob.stetric  and  deliv- 
ery room  care.  Two  thirds  of  the  decline  is 
attributable  to  more  effective  newborn  inten- 
sive care,  which  was  associated  with  greater 
aggressiveness  of  respiratory  and  cardiovascu- 
lar trcatiiicnts    Allrihiition  of  improved  birth 
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Abstracts 


weight  spcLilic  nii>rlalil\  suIl'K  ki  ncon;il;il  in- 
tensive care  n\it\  iMuleresimiaie  the  connihu- 
tion  of  high-iisls  nlisieli ic  caie  m  proMiling  'liet- 
ter  babies.' 

Measiireiiunl  (if  OM'i'inthilion  by  Multiple 
Linear  Rej;ression  Analysis  in  Patients  «ith 
Aeute  l.unj;  Injury — Beisten  AD.  Eui  Respir 
.1  l99S;i:(.^):?26. 

Strategies  to  optinii/e  alveolar  reeriiilnient  and 
prevent  lung  overinnalion  are  central  to  venti- 
latory management  of  patients  with  acute  lung 
injury  (ALI).  The  recent  description  of  overin- 
llation  using  multilinear  regression  analysis  of 
airway  pressure  (Paw)  and  How  (V)  data 
allows  a  functional  assessment  of  lung  mechan- 
ics. However,  this  technique  has  not  been  stud- 
ied in  ALI  patients.  During  15  positive  end- 
expiratory  pressure  (PEEP)  trials  in  10  ALI 
patients,  respiratory  elastance  was  partitioned 
into  volume-independent  (El)  and  volume- 
dependent  (E2Vy)  components,  where 
Paw  =  (El+E2VT.)V  +  RrsV-l-Po;  where  V  is 
volume.  V|  is  tidal  volume,  Rrs  is  respiratory 
resistance  and  Po  is  static  recoil  pressure  at 
end-expiration  (equivalent  to  total  PEEP).  Then, 
■^/rEZ  was  calculated  as  ( 100E2Vr)/(EI  -i-E2V.r); 
a  measure  of  lung  overinflation  when  ^£2  > 
i09c.  Alveolar  recruitment,  assessed  as  a  PEEP- 
induced  increase  in  V  >  50  niL  at  a  constant 
Paw  occurred  in  14  of  15  trials  (299  ±34  mL. 
mean  ±  SEM),  but  was  independent  of  the  de- 
gree of  lung  inflation.  Lung  overinllation  was 
common  (six  of  15  clinically  set  PEEP  levels) 
and  occurred  despite  a  dynamic  elastic  distend- 
ing pressure  (Pel.dyn)  <  30  cm  H^O  during  IK 
of  36  PEEP  titrations.  During  a  PEEP  titration 
the  resultant  VcEl  was  directly  related  to  delta- 
(peak  airway  pressure-Po)  (rs  =  0.86,  p<0.001 ) 
and  delta(Pel,dyn-Po)  (rs=0,89,  p<0.()01 ).  The 
95'/<  predictive  intervals  for  a  2  cm  H,0  change 
in  either  driving  pressure  were  %E2  values  of 
30.4-68. 1  <>  and  32.8-69.2%,  respectively.  Sin- 
gle or  continuous  measurement  of  %-E2  (a  rnea- 
sure  of  lung  inflation)  is  a  readily  available 
method  for  titrating  ventilatory  parameters.  Fur- 
ther, during  a  positive  end-expiratory  pressure 
titration  a  change  in  ventilatory  driving  pres- 
sure >  or  =2  cm  H,0  is  indicative  of  mcrin- 
llation. 

Coniprihcnsive  Analysis  of  Risk  Factors  for 
.\c(|uislti<in  «(  I'sciulomiiiuis  .Acriijiiiiosa  In 
Younj;  Children  with  Cystic  Fibrosis — Ko- 

sorok  MR.  lalaliiddni  M.  Kinell  I'M.  Shen  (1, 
Colby  CL.  La\o\a  A.  ct  al,  IVdialr  I'ulmonol 
1998:26(2):XI. 

The  objective  of  this  study  was  in  idcnliK  risk 
factorsof  significance  for  acquisiiioiiol  I'miiiIo- 
moncis  ai'riif>inii\<i  by  children  wnh  cystic  fi- 
brosis (CI-).  Our  working  hypothesis  is  that  ex- 
posure of  infants  and  young  children  with  CI-  to 
older,  ink-clcd  palienls  increases  iheii  risk  lor 


acquiring  this  organism.  A  special  opportunity 
arose  to  study  this  question  in  detail,  as  we  ha\e 
been  performing  a  randomized  clinical  trial  of 
neonatal  screening  for  CF  throughout  the  state 
of  Wisconsui  during  the  period  ol  I9S5-I994. 
Palienls  were  selected  for  this  stud\  based  on 
either  early  identification  through  screening  or 
diagnosis  by  standard  methods.  A  longitudinal 
protocol  employed  at  Wisconsin's  two  CF  Cen- 
ters includes  routine  cultures  of  respiratory  se- 
cretions and  collection  of  clinical,  demographic, 
and  activity  information  on  patients  and  their 
families.  Previous  observations  in  our  trial  re- 
vealed that  one  center  at  an  old  hospital  in  an 
urban  location  showed  a  significantly  shorter 
time  to  acquisition  of  P.  acniviiui.sa  for  CF 
patients  followed  there.  To  study  the  center  ef- 
fect further,  we  performed  statistical  analyses 
using  survival  ctn'ves  and  stepwise  regression 
analysis  of  all  life  history  covariates  a\  ailable. 
The  results  of  these  analyses  showed  that  the 
statistically  significant  correlations  involve  the 
following  risk  factors:  1 )  center  and  old  hospi- 
tal (r  =  0.42);  2)  center  and  original  physician 
(r  =  0.61 );  3)  center  and  exposure  to  p.seudo- 
monas-positive  patients  (r  =  0.29);  and  4)  pop- 
ulation density  and  urban  location  (r  =  0.49). 
The  final  statistical  model  demonstrated  that 
increased  risk  due  to  aero.sol  use  (odds  ratio  = 
3.45,  p  =  (1.014)  and  a  protective  effect  asso- 
ciated with  education  of  the  mother  (odds  ra- 
tio =  0.81,  p  =  0.024)  were  the  most  signili- 
cant  factors  for  acquisition  of  P.  aeruginosa. 
The  previously  observed  center  effect  was  con- 
fined to  the  1985-1990  interval  at  the  old  hos- 
pital (odds  ratio  =  4.43,  p  <  0.001).  'We  con- 
clude that  multiple  factors  are  involved  in 
increasing  the  risk  of  young  children  w  ith  CF  to 
acquire  P.  aenif^inosu.  and  that  the  observed 
center  effect  can  best  be  explained  by  a  com- 
bination of  factors.  These  results  suggest  that 
facilities  and  methods  used  to  care  lor  young 
children  with  CF  can  significantly  inriuence 
their  likelihood  of  acquiring  pscudniiion.is  in 
the  respiratory  tract, 

F.mcacy  of  Curosurf  in  a  Rat  .Model  (if  Acute 
Respiratory  Distress  Syndrome — van  Heldcn 
HP.  Kuijpers  WC,  Langerwerf  PE,  Langen  RC, 
Haagsman  HP.  Bruijn/eel  PL.  EurRespir.l  I99S; 
12(31:533, 

Curosinl.  .1  naliii.il  lung  surlaclanl.  is  consid- 
cictl  a  polenlial  caiulid.ile  lor  impniMiig  the 
treatment  of  acule  icspiralnr\  distress  s\iidromc 
(ARDS).  To  investigale  ihi^  in  a  lal  model  of 
early-stage  ARDS.  Cui.ismr  |6:..S.  i:.s  or  2.^0 
mg  \  kg  'l  was  administered  by  inlralrachcil 
bolus  at  10  or  24  li  lollowmg  an  intraliacheal 
lipopolysaccharide  (LPS;  1.6  nig  x  kg  '  l  chal- 
lenge. Survival,  respiradiry  frequency  ( I'R  I.  lung 
wet  weight  (LWW),  total  protein  and  cell  dil- 
ferentialion  in  bronchoalveolar  lavage  fluid 
(BALI)  were  assessed.  Curosurf  ticalmenl  al 
1(1  h  .iller  1,1'S  challemje  resiilled  in  100'.  sui- 


\i\al  at  both  62.5  and  125  mg  \  kg  ;  at  a  dose 
of  250  mg  x  kg  '  administered  at  10  h  after 
LPS,  I  out  of  6  animals  died.  At  a  dose  of  125 
mg  x  kg  '  Curosurf  administered  at  24  h  after 
LPS.  1  oui  of  6  animals  died.  In  contrast,  only 
35'r  of  animals  survived  when  not  Healed  with 
Curosurf  Curosurf  treatment  resulted  in  an  im- 
proved fR  and  in  a  significantly  decreased 
LWW,  total  protein  and  number  of  polymor- 
phonuclear cells  in  BALE.  In  conclusion,  Cu- 
rosurf treatment  improved  respiratory  frequency 
and  decreased  mortality,  pulmonary  oedema  and 
inflammation.  As  the  decreased  mortality  was 
observed  in  spontaneously  breathing  nonoxy- 
genated  animals,  the  results  cannot  be  extrap- 
olated to  human  artificially  ventilated  acute  re- 
spiratory distress  svndronie  patients  with  the 
expectation  of  a  decreased  mortality.  The  re- 
sults suggest,  however,  that  Curosurf  may  be  an 
important  therapeutic  measure  in  early-stage 
acute  respiratory  distress  syndrome. 

One- Year  Follow-llp  of  Voung  Children  Hos- 
pitalized for  Wheezing:  the  Influence  of  Early 
Anti-Inllamniafory  Therapy  and  Risk  Fac- 
tors for  Subsequent  Wheezing  and  .\sthnia — 

Reijonen  TM.  Korppi  M.  Pcdiatr  Piilnionol 
1998;26(2):113. 

We  investigated  the  I -year  outcome  of  children 
hospitalized  for  wheezing,  paying  special  atten- 
tion to  the  effect  of  early  anti-intlammatory  ther- 
apy. In  addition,  we  identified  risk  factors  for 
recurrent  wheezing  and  asthma.  Eighty-eight 
children  under  2  years  old  treated  in  the  hospi- 
tal for  wheezing  were  followed  for  I  year.  Neb- 
ulized anti-inflammatory  therapy  was  given  for 
16  weeks:  31  patients  received  budesonide,  29 
patients  cromolyn  sodium,  and  28  control  pa- 
tients received  no  therapy.  The  number  of  sub- 
sequent physician-diagnosed  wheezing  epi.sodes 
was  recorded.  Four  months  of  anti-inflamiTia- 
tory  therapy  did  not  significantly  decrease  the 
occurrence  of  asthma  1  year  later;  45';{  of  pa- 
tients in  the  cromolyn  group,  Al'^i  in  the  budes- 
onide group,  and  61%  in  the  control  group  had 
asthma,  defined  as  at  least  two  bronchial  ob- 
struction episodes  during  the  1-year  period  af- 
ter the  original  hospitalization  for  wheezing. 
An  age  over  12  months  al  the  time  of  the  initial 
bronchial  obstructing  episode  |p  =  0.009.  risk 
ratio  (RR)  =  5.4.  95'^^  confidence  interval  (CI) 
=  1.53-19,311.  failure  to  identifv  a  viral  cause 
(p  =  ().()()()3,  RR  =  12.(1.  CI  =  3.16-45.40). 
history  of  wheezing  (p  =  0.02,  RR  =  14.6. 
CI  =  1.59-132.10),  the  presence  of  atopy  (p  = 
OOI.  RR  -  5  3.  CI  =  1.47-19.21),  a  family 
hisioiv  ol  alopv  ip  0.03,  RR  =  3.6, CI  =1.1.5- 
Il,l2i.  ami  scrum  eosinophil  calionic  protein 
(i:CP)  or  1(1  microg/L  (p=0.0()5)  were 
signilic;mt  risk  factors  for  asthma.  We  conclude 
that  carlv  anti-inllammalory  therapy  for  4 
months  does  not  significantly  decrease  the  oc- 
currence ol  asthiiKi  during  the  period  of  1  year 
lollowing  hospiuih/alioii  lor  the  original  epi- 
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s(Klc(>rv\hee/mg.  ^■oul1gl.■hll^llCll  rcqiiiriiiLi  hos- 
pilal  ;idniisMoii  loi  uhcc/ini;  during  ;i  respiia- 
im  \  trad  InrcL'ticm  arc  at  iiKicascd  risk  ol  having 
Mih\c(.|uent  asthma  il  ihcy  ha\c  whcc/cd  pie- 
\iousi\.  il  lho\  lia\c  alo|i\  oi  a  laniilv  hislor\ 
111  atopy,  il  they  ha\c  clc\ati.'d  serum  ECP,  il 
tlicy  are  over  12  months  ol'  age  at  the  original 
bronchial  obstructive  episode,  and  especially 
when  viral  studies  are  negative, 

\  entilation  Index  and  Outcome  in  Children 
w  ith  .\cute  Respiratory  Distress  Syndrome — 

Paret  G.  Zi\  T.  Bar/ilai  A.  Ben-Abraham  R. 
V'aidi  A.  Manisterski  ^^  Bar/ilay  Z,  Pcdiatr 
Pulnionol  I^^JSi^hlJlM:.";. 

The  purpose  of  this  nnesiigalion  was  to  deter- 
mine the  predictive  value  ol  the  \ entilation  in- 
dex (VI)  in  children  with  acute  respiratory  dis- 
tress syndrome  (ARDS).  We  performed  a  10- 
year  retiospective  chart  review  of  children  who 
were  admitted  to  the  Pediatric  Intensive  Care 
Unit  with  a  diagnosis  of  ARDS.  Acute  respira- 
tory distress  syndrome  was  defined  as  acute 
onset  of  diffuse,  bilateral  pulmonary  infiltrates 
of  noncardiac  origin,  and  severe  hypoxemia, 
defined  as  the  ratio  of  the  arterial  partial  pres- 
sure of  oxygen  to  the  fraction  of  inspired  oxy- 
gen of  <200  and  a  positive  end  expiratory  pres- 
sure of  6  cm  HiO  or  greater.  Records  of  daily 
arterial  blood  gas  results  and  ventilator  settings 
were  reviewed,  and  the  ventilation  index 
( VI  =  partial  pressure  of  arterial  COi  x  peak  air- 
way pressure  x  respiratory  rate/1.000)  was  cal- 
culated each  time  the  measurements  were  made. 
These  values  were  correlated  with  outcome  (sur- 
\  ival  or  nonsurvival ).  The  VI  was  not  different 
at  the  time  of  diagnosis  of  ARDS  in  the  patients 
who  lived,  compared  with  those  who  subse- 
i|tiently  died.  Howeser.  by  ."^  to  ."i  days  after 
study  entry,  the  VI  ol  nonsur\i\ors  was  signif- 
icantly higher  than  tor  siir\i\ors  ip  <  O.O.'ii. 
The  VI  for  survivors  remained  between  30  and 
.^5  throughout  the  study  period,  whereas  the  VI 
of  nonsurvivors  continued  to  increase  with  time. 
A  VI  of  >65  predicted  death  with  a  specificity 
and  positive  predictive  value  of  >90'^  on  days 
."*  through  9.  We  conclude  that  the  VI  pnnidcs 
a  reliable  prognostic  marker  in  cliildicn  with 
ARDS,  and  its  increase  abo\c  d.-S  indicates  a 
need  for  orderly  intcrxention  with  altcinali\e 
modalities  of  care. 

A  Comparison  of  Three  Modes  of  \  entila- 
tion with  the  Use  of  an  .\dult  Circle  System 
in  an  Infant  Lung  Model — Tobin  MJ.  Stexen- 
son  GW.  Horn  BJ.  Chen  EH.  Hall  SC.  Cote  CJ. 

Anesth  Analg  l94S;S7(4l:76(i. 

We  examined  the  efficiency  of  an  adult  circle 
system  w  ith  adult  bellows  to  deliver  minute  ven- 
tilation (VE)  to  an  infant  test  lung  model.  A 
Narkomed  2B  system  (North  American  Driiger. 
Telford.  PA)  using  thiee  modes  of  ventilator 
setup  were  used:   A   =   time-cycled,  volume- 
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controlled  using  bellows  excursion  to  control 
delivered  volume;  B  =  time-cycled,  pressure- 
controlled  using  inspiratory  pressure  limit  ad- 
justment to  control  delivered  volume;  C  =  lime- 
cycled,  pressure-controlled  using  the  inspiratory 
How  adjustment  to  control  delivered  volume. 
V1-;  was  measured  with  two  compliances  (nor- 
mal and  low  )  and  four  endotracheal  lube  (ETT) 
si/es  (J.^i-.  }.()-.  i.5-.  and  4.(}-mm  inner  diam- 
eter), VE  w  as  measured  at  peak  inspiratory  pres- 
sures (PIP)  of  20.  Ml  40  or  50  cm  H,0  while 
respiratory  rale  (RR)  was  held  constant  at  20 
brcaths/min.  VE  was  measured  as  RR  was  set  at 
2(1.  M).  40.  or  5i)  breaths/min  while  target  PIP 
was  held  constant  at  20  cm  H,0.  Dala  were 
analyzed  using  the  nuiltipjc  regression  lech- 
nicjue.  With  the  low  compliance  model.  VE  was 
nearly  identical  legardless  of  the  ventilator 
setup.  With  the  normal  compliance  model,  mi- 
nor differences  in  VE  were  observed,  especially 
at  the  highest  RR  and  PIP.  VE  was  dependent 
on  RR.  PIP.  and  lung  compliance.  Overall,  the 
ventilator  setup  lesnlied  in  minor  changes  in 


VE.  Very  high  PIPs  were  required  to  deli\er 
VE  to  the  low  compliance  model.  ETT  size  did 
not  affect  VE  when  lung  compliance  was  low; 
however,  smaller  ETT  size  was  a  factor  when 
test  lung  compliance  was  normal,  decreasing 
delivered  VE  at  higher  PIP  and  RR.  We  con- 
clude that  with  a  Narkomed  2B  adult  circle  sys- 
tem VE  is  dependent  on  PIP.  RR.  and  lung 
compliance,  but  not  on  mode  of  ventilator  setup. 
IMPLICATIONS:  The  results  of  this  laboratory 
investigation  indicate  that  when  an  adult  circle 
.system  is  used  during  infant  ane.sthesia.  the  \  en- 
tilation delivered  depends  primarily  on  the  re- 
spiratory rate,  peak  inspiratory  pressure,  and 
the  compliance  of  the  lung  being  ventilated, 
rather  than  on  the  specific  mode  of  \entilator 
setup. 


Individual  Use  of  .Antiasthmatic  Drujis  in  the 
European  Community  Respiratory  Health 
Survey — Janson  C.  Chinn  S.  Jar\is  D.  Bunic\ 
P.  Eur  Respir  J  I99S;12(.^):.S.S7, 
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A  piL'\ious  ;m,il\sis  ol  ilriiLi  utili/almn  in  ihc 
Euriipean  Cdminunil)  Respiralorv  Health  Sur- 
vey I'ouiKi  thai  only  between  8  and  29%  of  sub- 
jects with  asthma-related  syniptoins  were  using 
aiitiasthmalie  medication  in  the  different  areas 
studied.  The  aim  of  this  analysis  was  to  inves- 
tigate which  variables  were  related  to  individ- 
ual use  of  antiasthmatic  medication  in  different 
geographical  areas.  Thirty-three  centres  in  14 
countries  were  analysed,  in  which  a  total  of 
16.854  people  (52.l7f  females,  mean  age  .\^.8 
yrs.  range  20-48)  underwent  a  structured  inter- 
view, measurement  of  specific  immunoglobin 
E.  spirometry  and  methacholine  challenge  test. 
The  use  of  antiasthmatic  drugs  in  indi\idtials 
was.  in  most  countries,  independently  related  to 
asthma-related  respiratory  symptoms,  bronchial 
hyperresponsiveness  (BHR)  and  atopy.  In  all 
countries  smokers  with  respiratory  symptoms 
were  less  likely  to  be  using  antiasthmatic  drugs 
than  nonsmokers  and  exsmokers.  In  four  of  14 
countries  females  were  significantly  more  likely 
to  u.se  antiasthmatic  medication  than  males. 
while  age  and  socioeconomic  status  ucre  un- 
related to  medication.  The  use  of  inhaled  anti- 
intlanimatory  drugs  was  positively  related  to 
symptoms.  BHR  and  atopy  and  negatively  re- 
lated to  current  smoking.  In  conclu.sion.  in  many 
countries  smokers  were  less  likely  to  be  using 
antiasthmatic  drugs  than  were  nonsmokers  with 
comparable  levels  of  symptoms  and  bronchial 
hyperresponsiveness.  Age  and  socioeconomic 
status  were  unrelated  to  medication,  while  in 
some  countries  females  were  more  likcl\  than 
males  to  use  antiasthmatic  medication, 

A  Comparison  of  the  Disposable  versus  the 
Reusable  Laryngeal  Mask  Airway  in  Para- 
lyzed .Adult  Patient.s — Brimacombe  J.  Keller 
C.  Morns  R.  Mecklem  D.  Anesth  Analg  1W8: 
87(41:421 

A  disposable  (polyvinyl  chloride)  laryngeal 
mask  airway  (LMAl  with  dimensions  identical 
to.  but  physical  properties  different  froin  (stiff- 
er  tube/thicker  cuff),  the  reusable  (silicone) 
LMA  has  recently  become  available.  We  per- 
formed a  randomized.  cross-o\cr  study  of  60 
paralyzed,  anesthetized  patients  to  lest  the  hy- 
pothesis that  the  use  of  these  devices  was  dif- 
ferent in  terms  of  ease  of  insertion,  airway  seal- 
ing pressure,  fiberoptic  position,  and  changes  in 
intracuff  pressure  dtiring  N,0  anesthesia.  We 
also  tested  the  hypothesis  that  the  airway  seal- 
ing pressure  of  the  LMA  is  suboplimal  it  the 
cuff  is  inflated  to  a  high  intracuff  pressure,  iioth 
the  devices  were  inserted  into  each  patient  in 
random  order,  and  their  performance  was  as- 
.sessed  at  two  intraculf  pressures  (60  and  180 
cin  HoO)  by  a  blind  ohscrxci.  Suhsec]ucntly. 
intracuff  pressures  were  incasurvd  during  NjO 
anesthesia  for  the  second  device.  Ease  of  inser- 
tion was  similar:  there  was  no  difference  in  first 
attempt  success  rates  (97'/,  vs  98'/,)  and  inser- 
tion times  (  15  vs  1.^  s)  for  the  disposable  ami 


reusable  LM.A.  respecti\ely.  There  were  no  dif- 
ferences in  airway  sealing  pressure  or  fiberop- 
tic position.  Airway  sealing  pressure  was  sig- 
nificantly higher  at  60  cm  H,0  intracuff  pressure 
compared  with  the  airway  sealing  pressure  at 
180  cm  H,0  for  both  devices  (p  <  0.02).  Dur- 
ing NiO  anesthesia,  the  intracuff  pressure  re- 
mained stable  for  the  disposable  LMA  but  in- 
creased significantly  for  the  reusable  LMA.  We 
conclude  that  the  disposable  and  reusable  LMAs 
perform  similarly  in  paralyzed  adult  patients, 
but  that  the  disposable  LMA  has  inore  stable 
mlraculf  pressures  during  N,0  anesthesia.  In- 
flation of  the  LMA  to  high  intracuff  pressures 
produces  a  suboptimal  seal.  IMPLICATIONS: 
This  randomized,  single-blind,  within-patient 
study  of  60  adult  patients  shows  that  the  dis- 
posable (polyvinyl  chloride)  and  reusable  (sil- 
icone) laryngeal  mask  airways  perform  simi- 
larly, but  that  the  disposable  laryngeal  mask 
airway  has  more  stable  intracuff  pressures  dur- 
ing N,0  anesthesia.  Inflation  of  either  device  to 
high  intracuff  pressures  produces  a  suboptimal 


.Jet  Ventilation  in  Upper  Airway  Obstruc- 
tion: Description  and  Model  Lung  Testing  of 
a  New  Jetting  Device — Garry  B.  Woo  P.  Per- 
rault  DF  Jr.  Shapshay  SM.  Wurm  WH.  Anesth 
Analg  1998;87(4):9I3. 

Patients  with  critical  upper  airway  stenosis  re- 
quire a  tracheotomy  for  corrective  surgery.  We 
describe  a  new  transtracheal  device  that  permits 
safe  ventilation  of  these  patients  without  tra- 
cheotomy. It  is  based  on  a  coaxial  bicannular 
design  Ihal  allows  'push-puir  ventilation  by  jet- 
ting gas  through  the  inner  cannula  and  applying 
suction  through  the  outer  cannula.  It  further  al- 
lows monitoring  of  airway  pressure,  tidal  vol- 
ume, and  end-tidal  CO,.  The  device  was  placed 
in  the  'trachea"  of  an  artificial  lung,  and  the 
preparation  was  made  airtight  by  sealing  the 
proximal  end  of  the  trachea.  Tidal  volumes  and 
their  associated  pressures  were  measured  simul- 
taneously at  different  parts  of  the  airway  at  sev- 
eral lung  compliances  and  airway  resistance  set- 
tings while  varying  the  jet  and  siKlioii  pressures. 
A  large  range  of  tidal  volumes  was  achieved  at 
safe  airway  pressures  using  clinically  relevant 
airway  resistance  and  lung  compliance  settings. 
Airway  pressures  measured  through  the  device 
correlated  well  with  pressures  ineasured  directly 
in  the  airways  at  the  same  titiie.  Tidal  volumes, 
measured  through  a  Wright  respirometer  in  the 
suction  luic.  exceeded  actual  values  at  high  suc- 
tion scttuigs  and  decreased  below  actual  values 
at  low  suction  settings.  This  new  form  of  jet 
ventilation  allowed  efficient  ventilation  of  the 
artificial  lung  with  a  totally  occluded  upper  air- 
way. IMPLICATIONS:  Tracheotomy  is  re 
quired  for  surgery  to  relieve  stridor  because  gas 
forced  into  the  trachea  at  high  pressures  through 
a  perculaneously  placed  needle  (jetting)  cannot 
he  exhaled  iniickl\  enough  lor  icspiialion.  Wc 


describe  a  device  that  allows  jetting  in  the  slri- 
dorous  patient  by  actively  assisting  expiration, 
thereby  eliminating  the  tracheotomy  require- 
ment- 
Characteristics  of  Asthma  in  the  Elderly — 
Weiner  P.  Magadle  R.  Waizman  J.  Weiner  M. 
Rabner  M,  Zaniir  D.  Eur  Respir  J  1998:12(3): 
5M. 

Asthma  occurs  more  frequently  in  the  elderly 
than  is  usually  appreciated  and  may,  therefore, 
be  underdiagnosed  and  undertreated.  This  study 
evaluated  the  relationship  between  asthma 
symptoms  and  the  degree  of  airflow  obstruction 
in  elderly  and  young  asthmatics.  Fifteen  young 
asthmatics  (<65  yrs)  (group  A).  15  aged  >65 
yrs  with  on.set  of  symptoms  before  65  yrs  (group 
B),  and  15  aged  >65  yrs  with  onset  of  symp- 
toms after  65  yrs  (group  C).  were  studied.  Pa- 
tients used  daily  diary  cards,  during  2  weeks,  to 
record  inhaled  /32-agonist  consumption  and  se- 
verity of  asthma  symptoms.  Long-standing 
asthma  was  associated  with  a  significantly  lower 
forced  expiratory  volume  in  one  second  as  com- 
pared with  recent  onset  asthma.  The  asthma- 
symptom  score  was  highest  in  group  A,  lower 
in  group  B  and  significantly  lower  in  group  C. 
When  symptoms  were  related  to  the  degree  of 
obstruction  (asthma  index),  it  was  higher  in  the 
young  asthmatics  than  in  both  groups  of  elderly 
patients.  In  conclusion,  elderly  patients  with 
long-standing  asthma  had  more  severe  airway 
obstruction  than  patients  with  recently  acquired 
disease.  Older  patients  particularly  those  with 
long-standing  disease  complained  less  about 
asthma  .symptoms.  Within  the  various  groups 
of  patients,  subjective  syinptoms  of  asthma  were 
negatively  related  to  asthma  duration. 

\  Comparison  of  Active  and  .Simulated  Chi- 
ropractic Manipulation  as  Adjunctive  Treat- 
ment for  Childhood  Asthma — Balon  J,  Aker 
PD,  Crowther  ER,  Danielson  C.  Cox  PG. 
O'Shaughnessy  D.  et  al.  N  Engl  J  Med  1998: 
3.^9(1.S):I()I3. 

BACKGROUND:  Chiropractic  spinal  manipu- 
lation has  been  reported  to  be  of  benefit  in  non- 
inusculoskeletal  conditions,  inckiding  asthma. 
METHODS:  We  conducted  a  randomized,  con- 
trolled trial  of  chiropractic  spinal  manipulation 
for  children  with  mild  or  moderate  asthma.  Af- 
ter a  three-week  base-line  evaluation  period.  91 
children  who  had  continuing  symptoms  of 
asthma  despite  usual  medical  therapy  were  ran- 
domly assigned  to  receive  either  active  or  sim- 
ulated chiropractic  manipulation  for  four 
numlhs.  None  had  previously  received  chiro- 
practic care.  Each  subject  was  treated  by  1  of 
1  1  participating  chiropractors,  selected  by  the 
family  according  to  location.  The  primary  out- 
come measure  was  the  change  from  base  line  in 
the  peak  expiratory  How.  measured  in  the  morn- 
ins:,  before  the  use  of  a  hronchodilalor.  al  two 


]()M 


Rnsi'iRATORY  Carl  •  Dr.CFMBiR  "98  Voi  4.^  No  12 


THE  ULTIMATE  SEAL'^' 

For  Standard  Type  Nasal  CPAP  Masks, 
The  AirSep®  Nasal  CPAP  Masks  & 
For  Rudolph  Full  Face  Masks 


For  Leak-Free  Comfortable  Fit  with  Nasal  CPAP  &  Full  Face  Masks 

Provides  Ideal  Environment  for  Wound  Healing  or  Prevention  of 

Wounds 

Molded  to  Mate  with  Sealing  Surface  of  Masks 

For  Home  Care  or  Hospital  Environment 

Easy  to  Apply  to  Masks 

Unique  Hydrogel  Material 

Will  Not  Dry  Out 

Patent  Pending 

OEM,  Dealer  &  Custom  Sizes  Available 


HANS  RUDOLPH,  INC. 

I      MAKERS  OF  RESPIRATORY  VALVES  SINCE  1938 
TEL:  (816)  363-5522  U.S.A.  &  CANADA  (800)  456-6695 
FAX:  816-822-1414  E-Mail:  hri@rudolphkc.com 
7205  CENTRAL,  KANSAS  CITY,  IVIISSOURI  64114  U.S.A. 


Helen  Ziegler  &  Associates,  Inc.  specializes  in  recruitment  of 

healihcare  staiTfbr  international  locations  including 

Saudi  Arabia,  the  United  Arab  Emirates  and  Beijing,  China. 


DRINK  UP. 


Circle  106  on  reader  service  card 


As  close  as  you  can  get  to  having  an  exciting 

RT  career,  travel,  mystery  and  adventure 

all  in  a  can. 

Helen  Ziegler  &  Associates,  Inc. 

Suite  2403,  180  Dundas  St.  West,  Toronto,  ON.  M5G  1Z8  Canada 

Tel:  (416)  977-6941  or  800-387-4616  Fax:  (416)  977-6128 

Email:  hza(a)hziegler.com  Web:  www.hziegler.com 


Circle  119  on  reader  service  card 


and  four  niunth.s.  Except  for  the  treating  chiro- 
practor and  one  investigator  (who  was  not  in- 
volved in  assessing  outcomes),  all  participants 
remained  fully  blinded  to  treatment  assignment 
throughout  the  study.  RESULTS:  Eighty  chil- 
dren (38  in  the  active-treatment  group  and  42  in 
the  simulated-treatment  group)  had  outcome 
data  that  could  be  exaluated.  There  were  small 
increases  (7  to  12  liters  per  minute)  in  peak 
expiratory  {\ov.  in  the  morning  and  the  e\ening 
in  both  treatment  groups,  with  no  significant 
differences  between  the  groups  in  the  degree  of 
change  from  base  line  (morning  peak  expira- 
tory flow.  p=0.49  at  two  months  and  p=0.82  at 
tour  months).  Symptoms  of  asthma  and  use  of 
3-agonists  decreased  and  the  quality  of  life  in- 
creased in  both  groups,  with  no  significant  dif- 
ferences between  the  groups.  There  were  no 
significant  changes  in  spirometric  measure- 
ments or  airway  responsiveness.  CONCLU- 
SIONS: In  children  with  mild  or  moderate 
asthma,  the  addition  of  chiropractic  spinal  ma- 
nipulation to  usual  medical  care  provided  no 
benefit. 


Effect  of  Nebulized  Ipratropium  on  the  Hos- 
pitalization Rates  of  Children  »ith  .\stbma — 

Qureshi   P.   Pestian  J.  Da\is  P.  Zaritsky   A. 
N  Engl  J  Med  1998;339|  1.^1:  l(.)30. 

BACKGROUND:  Anticholinergic  medications 
such  as   ipratropium  Improve  the  pulmonary 


lundioii  of  patients  with  acute  exacerbations  of 
asthma,  but  their  effect  on  hospitalization  rates 
IS  uncertain.  METHODS:  We  conducted  a  ran- 
domized, double-blind,  placebo-controlled 
study  of  434  children  (2  to  IS  years  oldl  who 
had  acute  exacerbations  of  moderate  or  severe 
asthma  treated  in  the  emergency  department. 
All  the  children  received  a  nebulized  solution 
of  albuterol  (2.5  or  5  mg  per  dose,  depending 
on  body  weight)  every  20  minutes  for  three 
doses  and  then  as  needed.  A  corticosteroid  (2 
mg  of  prednisone  or  prednisolone  per  kilogram 
of  body  weight)  was  given  orally  with  the  sec- 
ond dose  of  albuterol.  Children  in  the  treatment 
group  received  500  microg  (2.5  ml)  of  ipratro- 
pium bromide  with  the  second  and  third  do.ses 
of  albuterol;  children  in  the  control  group  re- 
ceived 2.5  mL  of  normal  saline  at  these  times. 
RESULTS:  Overall,  the  rate  of  hospitalization 
was  lower  in  the  ipratropium  group  (59  of  215 
children  [27.4  percent] )  than  in  the  control  group 
(80  of  2 1 9  136.5  percent],  p  =  0,05).  For  patients 
with  moderate  asthma  (indicated  by  a  peak  ex- 
piratory flow  rate  of  50  to  70  percent  of  the 
predicted  value  or  an  asthma  score  of  8  to  1 1  on 
a  1 5-point  scale),  hospitalization  rates  were  sim- 
ilar in  the  two  groups  (ipratropium;  8  of  79 
children  110.1  percent];  control:  9  of  84  ]10.7 
percent]!.  For  patients  with  severe  asthma  (de- 
fined as  a  peak  expiratory  How  rate  of  <50 
percent  of  the  predicted  value  or  an  asthma  score 
of  12  to  \y),  the  addition  of  ipratropium  signif- 


icantly reduced  the  need  for  hospitalization  (51 
of  1 36  children  ]37.5  percent],  as  compared  with 
71  of  135  ]52.6  percent]  in  the  control  group; 
P  =  (l.()2).  CONCLUSIONS:  Among  children 
with  a  severe  exacerbation  of  asthma,  the  ad- 
dition of  ipratropium  bromide  to  albuterol  and 
corticosteroid  therapy  significantly  decreases 
the  hospitalization  rate. 


Tracking  of  Lung  Function  Parameters  and 
the  Longitudinal  Relationship  with  Life- 
style—Twisk  JW.  Staal  BJ.  Brinkman  MN. 
Kemper  HC,  van  Mechelen  W.  Eur  Respir  J 
199S;12(3):627. 

The  purpose  ol  this  siiidy  was  to  analyse  track- 
ing (i.e.  relative  stability  over  time/predictabil- 
ity of  future  values  by  early  measurements)  of 
lung  function  parameters  and  their  longitudinal 
relationship  with  lifestyle  (smoking,  alcohol 
consumption,  daily  physical  activity,  neuromo- 
tor and  cardiopulmonary  fitness,  and  dietary  in- 
take of  retinol  and  polyunsaturated  fatly  acids 
(PUFA)).  Data  were  obtained  from  the  obser- 
vational Amsterdam  Growth  and  Health  Study, 
a  longitudinal  study  with  six  repeated  measure- 
ments between  ages  13-27  yrs  (n=167).  The 
statistical  analy.ses  were  carried  out  with  gen- 
eralized estimating  equations.  The  following 
'stability'  coefficients  were  found:  for  forced 
vital  capacity  (FVC)  in  males  0.66  (95%  con- 
fidcncc  interval  (CI):  0.54-0.77)  and  in  females 
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II. ?l  iy5'<  CI:  ().4,V(),6()i;  l.ir  roacil  L-\|iirjliir\ 
Milunic  in  one  sccimd  (FEV,)  in  niale>  O.d? 
(y?';;  Cl:  O.SO-O.SO).  in  females  0.33  (93V<  CI 
().46-().6());  lor  peak  expiratory  How  (PEF)  iii 
hoih  males  and  females  0.41  (95%  CI:  0.31- 
0,.S|  I.  Posiii\e  relationships  were  found  between 
aleohol  consumption  and  FVC  and  FEV,  and 
between  neuromotor  fitness  and  PEF  and  (onl\ 
for  males)  with  FVC  and  FEV,.  Physical  actn- 
ity  was  inversely  related  to  PEF  and  the  intake 
of  PUFA  positively  related  to  FVC  and  FEV , . 
Smoking  was  related  to  a  decrease  in  FVC  and 
FEV,;  changes  in  physical  activity  positively 
correlated  to  changes  in  FVC.  In  conclusion, 
high  to  moderate  stability/tracking  was  observed 
for  forced  \ital  capacity  and  forced  expiratory 
\olimie  Ml  one  second:  for  peak  expiratory  flow 
il  was  slightly  lower.  Pie\cnti\e  strategies  re- 
garding improvements  of  lung  function  should 
focus  on  smoking  cessation  and  improving  daily 
physical  activity. 


Time  to  Peak  Tidal  Expiratory  Flow  and  the 
Neuromuscular  Control  of  Expiration — \  an 

der  Ent  CK.  \an  der  Grinten  CP.  Meessen  NE. 
Luijendijk  SC.  Mulder  PC.  Bogaaid  JM.  Eur 
Respir  J  l9yS;i:(3):646. 

The  ratio  ol  Ihe  lime  needed  to  reach  peak  tidal 
expiratory  How  (tPTEF)  and  the  duration  of 
expiration  (tEl  is  used  to  detect  aiiilow  obstruc- 
tion in  young  children.  tPTEF  is  decreased  in 
patients  with  asthma,  but  knowledge  about  the 
physiological  determinants  of  this  parameter  is 
scarce.  This  study  examined  the  relationship 
between  tPTEF  and  poslinspiratory  activities  of 
inspiratory  muscles  and  evaluated  the  effects  of 
changing  sensory  information  from  the  lung. 
AirOow  patterns  and  electromyographic  ( EMC ) 
acli\  ily  of  inspiratory  muscles  were  recorded  in 
seven  spontaneously  breathing,  anaesthetized 
cats.  The  trachea  was  cannulated  and.  as  a  re- 
sult, the  larynx  and  upper  airways  were  by- 
passed. Changes  in  poslinspiratory  muscle  ac- 
ti\  ii\  w  ere  induced  by  changing  afferent  sensory 
iier\e  inloriiiation  (by  cooling  the  vagus  nerves, 
by  adminislration  of  histamine  and  by  additional 
application  of  continuous  positive  airway  pres- 
sure (CPAPll.  Durations  of  poslinspiratory  ac- 
tivities of  the  diaphragm  and  intercostal  mus- 
cles (characterized  by  their  lime  constants  laii 
diaphr  and  tau  intcrc)  correlated  strongly  wilh 
tPTEF  (r=().S.'i  and  0.77.  respectively).  Tau  di- 
aphr. tau  interc  and  iPTEF  were  significanil> 
increased  during  cooling  of  the  vagus  nerves 
(4-S  degrees  Cl  compared  with  values  al  22  ami 
37  degrees  C  (p  l),ll.s|.  C(iii\eisel\.  .kIihihis 
(ration  of  hislanime  and  CP.XP  caused  sigiiili- 
canl  decreases  in  tau  diaphr.  lau  interc  and 
tFFEF.  which  were  absent  during  cooling  of 
the  vagus  nerves.  In  conclusion,  ihe  lime  needed 
to  reach  peak  tidal  expiratory  (low  is  highly 
inlluenced  by  the  activities  of  inspiratory  mus- 
cles during  Ihe  early  phase  ol  expiralioii  wliicli. 


in  tiiiii.  depend  on  ihe  actixilies  of  \  agal  recep- 
lois  111  Ihe  lung. 

Mouth  Occlusion  I'rossure,  CO,  Response 
and  H>  pereupnia  in  Severe  Chronic  Obstruc- 
ti^e  Pulmonary  Disease — Monies  de  Oca  M. 
Celh  BR.  Fur  Respn  .1   I  WS:l2l3l:(rfi(i. 

The  resting  moulh  occlusion  pressure  0.1  s  al- 
ter onset  ol  inspiration  (Pd.l  )  .ukI  niiniiie  \eii- 
tilalion  (VE)  and  their  response  to  CO,  in  pa- 
tients with  chronic  obslructi\e  pulmonary 
disease  (COPDl  remain  controversial.  The  ven- 
tilatory drive  and  the  factors  that  predict  resting 
arterial  CO,  tension  (Pa.CO,)  were  studied  in 
19  eucapnic  and  14  hypercapnic  .severe  COPD 
patients,  and  20  controls.  The  CO,  response 
was  esaluated  by  the  Read  technique.  The  VE. 
and  PO.  1  as  a  function  of  end-tidal  CO,  tension 
iPel.CO,)  was  used  to  study  the  ventilatory 
(AVE/APel.CO,)  and  PO.I  response  (APO.I/ 
AlVl.CO,).  Ill  the  palieiils.  ics|inalor\  muscle 
fiiiiclion  and  pleui.il  occlusion  pressure  0.1  s 
after  onset  of  inspiration  (Ppl.O.I)  were  evalu- 
ated with  simultaneous  measurement  of  pleural 
(Ppl)  and  gastric  (Pga)  pressures.  Hypercapnic 
patients  had  lower  forced  vital  capacity  (FVC). 
forced  expiratory  volume  in  one  second  (FEV, ). 
and  arterial  O,  tension  (Pa.O,).  Resting  PO.I 
was  higher  in  patients  than  in  controls,  whereas 
APO.  I  /APet.CO,  was  similar  in  the  three  groups. 
There  was  no  difference  in  resting  PO.  I  ( 3.6±  2.0 
versus  4.3  ± 2. S  kPa  (2.7±I..S  versus  3.2 ±2.1 
cm  H,0).  p  =  0.2)  and  Ppl.O.I  (l.4±2.3  versus 
.';.2±3.3  kPa  (4.0S-*_I.7  \eisus  3.9±2..'i  cm 
H,0).  p=0.22)  between  eucapnic  and  hyper- 
capnic COPD.  whereas  AVE/APet.CO,  was 
lower  in  the  hypercapnic  group  (0.29±0.24  ver- 
sus ().66±0.5  L  X  min(-l )  x  kPa.  p<O.OOI ).  By 
logistic  regression  only  FEV,  and  increased  di- 
aphragmatic load,  and  not  respiratory  drive,  pre- 
dicted resting  Pa.CO,.  Irrespective  of  CO,  level, 
baseline  central  drive  (represented  by  the  mouth 
occlusion  and  pleural  pressures)  and  CO,  re- 
sponse are  preserved  in  most  patients  with  se- 
vere chronic  obslrucinc  pulnioiiaiA  disease.  Ef- 
Icclne  \ciuilalioii  is  inadet|iiale  in  Ihe  more 
severely  obstructed  patients  and  Ihis  results  in 
hypercapnia.  Neurovenlilatory  coupling  failure 
is  an  attractive  explanation  for  chronic  hyper- 
capnia in  these  palienis. 

Use  of  Mouth  Pressure  Twitehes  Induced  l)y 
Cervical  .Magnet icStinuilalion  To  Assess  \ol- 
untary   Activation  of  Ihe  l)iaphra)>ni — de 

Hiuiii  I'f.  W.ilson  RA.  Klialil  N.  Pride  NB.  Fur 
Kcspir  .1   1 9')H;  12(3 1:672. 

I'here  is  a  need  lor  a  simple  niclhod  lo  assess 
Ihe  adequacy  of  diaphiagni  aciiv.iiion  diiniig 
voluntary  inspiratory  elloiK  in  |i.iiieiils  «  iili  sus- 
pected respiratory  muscle  weakness.  \\  c  h.ive 
compared  moulh  (Pmo.l).  oesophageal  iPoes.ii 
and  liansdiaphiagmalic  (l\li.ll  (witch  picssiiie 
elicited  hv  cervical  niiieiielic  sliiiiulalioii  ICMS I 


in  live  normal  men  (mean  iSDi  age  32.2  (I. Si 
yrs)  on  two  separate  study  days.  Single  mag- 
netic stimuli  were  delivered  at  functional  resid- 
ual capacity  during  relaxation  and  during  graded 
voluntary  inspiratory  efforts  against  a  closed 
airway .  As  voluntary-effort  transdiaphragmatic 
and  oesophageal  pressure  increased.  Pdi.t  and 
Poes.l  decreased  linearly  (r  range,  respectively. 
().S2-(I.9S  and  0.87-0.9.3).  During  relaxation. 
Pmo.l  was  unreliable  due  to  the  poor  transmis- 
sion ol  intrathoracic  pressure,  but  during  in- 
spiratory efforts,  the  relation  between  voluntary 
mouth  pressure  and  Pmo.t  was  also  linear  (r 
range  0. 84-0.95).  On  average,  our  subjects  vol- 
untarily generated  99.  100  and  102%  of  (he 
maximum  transdiaphragmatic,  oesophageal  and 
mouth  pressures  predicted  by  the  respective  lin- 
ear regression  equations.  Pmo.t  was  correlated 
lo  both  Poes.t  and  Pdi.l  during  inspiratory  ef- 
forts, but  not  during  relaxation.  These  studies 
confirm  that  twitch  pressures  induced  by  CMS 
iliinng  iiispiialory  elforls  can  he  assessed  at  Ihe 
iiioiilli  111  normal  suhjecls.  providing  a  simple 
and  non-invasive  technique  for  assessing  dia- 
phragm activation  during  voluntary  inspiratory 
efforts.  Potentially.  Ihis  technique  could  be  made 
more  sensitive  and  accurate  and  applied  lo  de- 
tect submaximal  efforts  in  patients. 

Pulmonary  Haemodynamics  in  Obstructive 
Sleep  .Vpnoea:  Time  Course  and  .'Associated 

Factors— Schater  H.  Hasper  E.  Ewig  S.  Koehler 
U.  Lal/elsberger  J.  Tasci  S.  Luderilz  B.  Eur 
Respir  ,1  |998:l2(3):(i79. 

Changes  in  pulmonary  artery  pressure  within 
an  obstructive  apnoea  and  elevations  of  trans- 
mural pulmonary  artery  pressure  (Ppa.tm)  to- 
wards the  end  of  apnoea  are  well  known.  The 
purpose  of  our  study  was  to  examine  which 
factors  contribute  to  the  increase  of  Ppa.tm  in 
an  apnoea.  In  addition,  the  lime  course  of  Ppa.tm 
and  associated  factors  during  a  sleep  study  was 
investigated.  We  analysed  Ihe  association  of 
changes  in  arterial  oxvgen  saluration  (Sa.O,). 
oesophageal  pressure  (Pocs)  to  esiiiualc  in- 
trathoracic pressure,  systolic  blood  pressure 
(BPsys)  to  estimate  left  ventricular  afterload. 
apnoea  duration  and  the  change  in  Ppa.tm 
(APpa.tm)  during  the  course  of  obstructive 
apnoeas.  Consecutive  apnoeas  in  nonrapid  eye 
niovenienl  (NREM)-sleep  at  Ihe  beginning,  the 
middle  and  ihe  enil  ol  the  sleep  sludv  were 
aii.ilvscd  111  SIX  paliciils  wilh  ohslruclive  sleep 
apnoea.  Ihe  ineaii  systolic  Ppa.lnt  was 
28. 0±  12.1  mm  Hg  al  (he  beginning  of  apnoea 
and  3S.(i*  l.3..>  mm  Hg  al  the  end  I  APpa.tm 
10, .3  '  7  4  mm  Hg:  p  0,(11)01  i.  ASa.O, 
(p  0,0001:  (Kids  ratio  (OR)  1.43:  conlitlence 
interval  (Cl)  1.20-1  7(v)  and  APoes  (p<().()()OI; 
OR  1 .22:  Cl  1 . 1  I  - 1 .34)  were  independently  as- 
sociated wilh  APpa.tm  in  a  multiple  regression 
analysis.  Apnoea  duration  as  well  as  APoes. 
APpa.tm  and  ASa.O,  were  all  significanlly 
liigher  ip'   0,03)  in  apnoeas  al  Ihe  midille  ol  ihe 
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sleep  slud\  than  al  the  heginiiing  or  the  end,  hi 
eonclusion.  hypoxaemia  and  mechanical  lac- 
tcirs  as  an  increase  in  negative  thoracic  pressure 
contribute  to  elevations  of  the  transmural  pul- 
monary artery  pressme  during  an  obstructi\e 
apnoea.  The  time  coiuse  ol  piihiionary  haemo- 
dynaniics  within  a  sleep  siiid\  lexeals  thai  the 
highest  transmural  pulmonar\  artcr\  pressme 
occurs  in  the  middle  of  the  night  with  no  pro- 
gressive increase  towards  the  end  ol  the  sleep 
study. 

Maximum  Rate  ol  I'hanfje  in  Oesopliajjeai 
Pressure  Assessed  from  Unoccluded  Breaths: 
An  Option  Where  Mouth  Occlusion  Pressure 
Is  Impractical— Hamnegard  CH.  Polkey  Ml. 
K>  roussis  D.  Mills  GH,  Green  M.  Bake  B.  Mo\- 
ham  J.  Eur  Respir  J  IWS;I2(3):693. 

Hie  mouth  occlusion  pressure  10(1  ills  alter  on- 
set of  inspiration  (PO.I )  is  considered  a  clini- 
cally useful  measure  of  the  combined  output  of 
the  respiratory  centre  and  muscle  pump.  How- 
ever, theoretical  and  practical  difficulties  can 
arise  when  using  PO.I  in  the  assessment  of  pa- 
tients with  severe  chronic  obstructive  pulmo- 
nary disease  (COPD),  It  was  hypothesized  that 
the  maximum  rate  of  change  in  oesophageal 
pressure  (dPoes.max/dt)  may  be  an  alternative 
to  PO.  I .  To  test  this  hypothesis  PC.  I  was  com- 
pared with  mean  dPoes.max/dt  measured  Ironi 
neighbouring  unoccluded  breaths  in  fi\e  nor- 
mal subjects  during  CO,  rebreathing.  In  all  sub- 
jects a  close  correlation  was  found  between  both 
dPoes.max/dt  and  PO.  1  and  carbon  dioxide  ten- 
sion (PCO,).  In  six  patients  with  severe  COPD 
performing  exhaustive  treadmill  walks.  dPoes- 
.max/dt  was  found  to  increase  progressively  with 
walking  time.  Mean  dPoes.max/dt  at  the  start 
was  6.2  cm  H^O  x  100  ills'  and  at  the  finish 
was  18.7  cm  H_,0  x  100  ms(p<0.03).  In  con- 
clusion, the  maximum  rate  of  change  in  oe- 
sophageal pressure  measured  from  unoccluded 
breaths  could  be  an  alternalne  in  circumstances 
where  it  is  not  feasible  to  use  measurements  of 
the  mouth  occlusion  pressure  100  ms  after  on- 
set of  inspiration. 

Surfactant  Composition  Uellects  Lung  Over- 
intlation  and  .Arterial  Oxygenation  In  Pa- 
tients with  Acute  l-ung  Injury — Bersteii  Al). 
Doyle  IR.  Daxidson  KG,  Barr  HA.  Nicholas 
TE,  Keniieen  F.  Eur  Respir . I  l94S;l2l2i:,iOi . 

Pulmonary  surfactant  abnormalities  have  con- 
sistently been  documented  in  patients  w  ith  acute 
lung  injury  (ALI),  however,  Ihei'e  is  little  evi- 
dence directly  correlating  them  to  altered  respir- 
atory mechanics.  To  explore  this  further,  sur- 
factant composition  was  measured  in  lung 
aspirate  fluid  collected  on  15  occasions  from  10 
patients  with  ALI.  The  composition  was  com- 
pared with  lung  aspirate  tluid  from  1 1  intubated 
patients  prior  to  electi\e  cardiac  surgery  (CS), 
and  bronchoal\eolar  lavase  lliiid  from  Id  nor- 


mal sub|ccts.  Ill  both  the  ALI  and  cardiac  groups 
the  proportion  ol  disalurated  phospholipids 
(DSPl  and  phosphalid>  Icholmc  was  reduced. 
Plasma  levels  of  surfactant  protcins-A  and  -B 
(,SP-A  and  -B)  were  elevated,  but  were  unre- 
lated to  alveolar  surfactant  levels.  In  the  ALI 
group,  and  the  ALI  +  CS  group,  DSP,  noniial- 
i/cd  to  the  total  phospholipid  content,  sphingo- 
myelin (SPHi,  and  urea,  showed  strong  direct 
correlations  with  arterial  oxygen  tension/ 
inspiratory  oxygen  fraction  (all  p  s  0.01).  In 
tlie  ALI  group,  normalized  DSP  was  also  di- 
rectly related  to  the  ela.stance  of  the  positive 
end-expiratory  pressure-induced  increase  in  the 
end-expiratory  lung  volume  (all  p  s  0.02),  and 
indirect  correlations  were  found  with  a  measure 
of  lung  overintlation  {'}iE2:  all  p  s  0.01 ).  We 
conclude  that  surfactant  composition  correlates 
with  lung  function  abnormalities  in  acute  lung 
injury  and  cardiac  patients,  and  that  both  groups 
had  ele\ated  plasma  surfactant  proteins-A  and 
-B  levels,  consistent  with  a  concurrent  increase 
111  aheolocapillary  permeability. 

.Standardization  of  .Ambulatory  Peak  Flow 
Monitoring:  The  Importance  of  Recent  /32- 
Agonist  Inhalation— Redde I  HK,  Ware  SI. 
Salome  CM,  Marks  GB,  Jenkins  CR,  Wool- 
cock  AJ.  Eur  Respir  J  iy4X;l2(2l:_^04. 

Standardization  of  conditions  for  peak  expira- 
tory now  (PEE)  monitoring  is  much  more  dil- 
liciill  in  practice  than  for  laboratory  spirometry . 
P.ilicnts  are  usually  asked  to  record  PEE  bclore 
medication.  The  aim  of  this  study  was  to  de- 
termine the  effect  of  prior  bronchodilator  use 
on  PEP  outcome  measures  in  a  clinical  trial. 
Electronic  PEF  records  from  43  subjects  with 
poorly  controlled  asthina  were  examined  to  de- 
termine the  frequency  with  which  /32-agonisi 
was  inhaled  <4  h  before  PEF  measurcmcnl.  as 
such  PEE  are  potentially  'postbronchodilator'. 
The  effect  of  inclusion  of  such  PEF  values  on 
improvement  in  PEF  outcome  measures  after  8 
weeks  of  inhaled  budesonide  was  calculated. 
Subjects  were  asked  to  record  PEF  before  med- 
ication. During  run-in,  the  median  frequency  of 
postbronchodilator  PEF  was  29%,  falling  to  (Ki 
alter  8  weeks  of  budesonide.  Inclusion  of  post- 
bronchodilator PEF  led  to  an  overestimation  of 
average  morning,  evening  and  daily  PEF  dur- 
ing run-in  (p  <  0.001).  Improvement  in  these 
indices  with  treatment  was,  therefore,  underes- 
timated. Minimum  morning  PEF  expres.sed  as 
percent  personal  best  was  unaffected.  Subjects 
may  not  be  able  to  withhold  /32-agonist  for  4  h 
belbre  every  peak  flow  reading.  This  may 
change  as  the  level  of  asthma  control  changes. 
leading  to  a  systematic  bias  in  clinical  trial  end- 
points  or  inaccuracy  in  individual  treatment  de- 
cisions. Simple  changes  to  peak  expiratory  flow 
instructions  and  analysis  are  proposed. 

Worldwide  \  arialions  in  the  Prevalence  of 
Asthma  Symptoms:  Ihe  International  Study 


of  .\sthma  and  Allergies  in  Childhood  lair 
Respir  J  I99S;I2(2|:31.S, 

The  International  Study  of  Asthma  and  Aller- 
gies in  Childhood  (LSAACi  was  designed  to 
allow  comparisons  between  populations  in  dif- 
Icicnl  countries.  IS.AAC  Phase  One,  reported 
here,  used  staiidaidi/cd  simple  surveys  which 
were  conducted  among  representative  samples 
of  school  children  from  centres  in  most  regions 
of  the  world.  Two  age  groups  (13-14  and  6-7 
\rsi  with  approximately  3,000  children  in  each 
group  were  studied  in  each  centre.  The  13-14  yr 
olds  (n  =  463.X()l  )  were  studied  in  LS,";  ccnires 
{5b  countries)  and  llic  0-7  yr  olds  (n  =  2.^7.S(l()) 
were  studied  in  91  centres  (38  countries).  There 
were  marked  variations  in  the  prevalence  of 
asthma  symptoms  with  up  to  I  .S-fold  differences 
between  countries.  The  prevalence  of  wheeze 
III  the  last  12  months  ranged  from  2.  l-32.27r  in 
the  older  age  group  and  4. 1  -32. 1  %  in  the  younger 
age  group  and  was  particularly  high  in  English 
speaking  countries  and  Latin  America.  A  video 
questionnaire  completed  in  the  older  age  group 
in  94  centres  (42  countries)  showed  a  similar 
pattern.  The  major  differences  between  popu- 
lations found  in  the  International  Study  of 
.Asthma  and  Allergies  in  Childhood  Phase  One 
are  likely  to  be  due  to  en\'ironmental  factors. 
The  results  provide  a  framework  for  studies  be- 
tween  populations  in  coiiirasiiiig  cm  ironnients 
which  are  likel\  to  \ield  new  clues  ahoul  the 
aetiology  of  asthma. 

Nebulized  Magnesium  Sulphate  versus  Neb- 
ulized Salbutamol  In  .Acute  Bronchial  Asth- 
ma: A  Clinical  Trial — Mangat  HS.  D  Souza 
GA,  Jacob  MS.  Eur  Respir  J  I9y8.12(2);,^41. 

Intravenous  magnesium  sulphate  (MgSOj)  has 
successfully  been  used  in  the  treatment  of  acute 
.isthnia.  The  present  study  investigated  the  ef- 
ficacy of  nebulized  MgSOj  as  a  bronchodilator 
in  acute  asthma  as  compared  to  nebulized  sal- 
butamol. This  was  a  randomized,  double-blind, 
controlled  clinical  trial.  Asthmatics  aged  12-60 
yrs  in  acute  exacerbation,  with  a  peak  expira- 
tory now  (PEF)  <3()()  1-  \  mm  '.  not  liaxnig 
taken  bronchodilators  and  not  lequiriiig  assisted 
ventilation  were  included.  Patients  were  ran- 
ilomized  to  receive  treatment  with  .serial  nebu- 
hzations  of  either  3  inL  (3.2'7f  solution.  95  mg) 
MgSOj  solution  or  3  niL  (2.5  mg)  salbutamol 
solution.  All  patients  were  also  given  100  mg 
hydrocortisone  i.v..  and  were  monitored  con- 
tinuously for  2  h  after  which  thev  were  given 
supplemental  treatment  (il  and  when  needed) 
and  cither  discharged  or  admitted.  FischI  index. 
PEF  improvements  (in  9c  predicted)  and  admis- 
sion rates  were  the  outcome  variables.  Thirty- 
three  patients  were  studied.  FischI  score  im- 
provement was  comparable  and  significant  in 
both  groups  (4.31  to  0.43  in  the  MgSOj  group 
and  4.29  to  0.76  in  the  salbutamol  group).  The 
increase  in  PEF  was  slatisticalK  si»jnilicaiit  and 
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ccimpaiable  in  holli  groups  (h\  35';  piv\l  in  ihi.' 
MgSOj  and  li\  42''(  pred  in  the  salbulanml 
group).  Two  patients  warranted  admission  in 
the  salbulaniol  group  and  one  in  the  MgSO_, 
group.  NebuMzed  MgSOj  had  a  significant  bron- 
chodilatory  effect  in  acute  asthma.  This  effect 
was  not  significantly  different  Ironi  that  of  neb- 
uMzed  salbutamol. 

Effects  i)f  Hiuh-.\ltiliidi-  Periodic  Biiathin}; 
on  Sleep  imd  .Vrterial  Oxyhaemojjlobin  Sat- 
uration— Salvaggio  A.  Insalaco  G.  Marrone  O, 
Romano  S.  BraghiroM  A.  Lanfranchi  P.  et  al. 
Eur  Respir  J  I  WS;12(2):408. 

This  study  aimed  to  investigate  the  effect  of 
periodic  breathing  (PB)  at  high  altitude  on  sleep 
structure  and  arterial  oxygen  saturation  (Sa.O^). 
Five  healthy  subjects  underwent  polysomno- 
graphic  studies  at  sea  level,  and  during  the  first 
and  the  fourth  week  of  sojourn  at  5.050  ni. 
Their  breathing  pattern,  sleep  architecture  and 
Sa.O,  were  analysed.  PB  was  detected  in  the 
high-altitude  studies  during  nonrapid  eye  move- 
ment (NREM)  sleep  and  tended  to  increase  from 
the  first  to  the  fourth  week.  Stages  3-4  were 
absent  in  four  subjects  at  the  first  week,  but 
only  in  one  at  the  fourth  week,  irrespective  of 
the  amount  of  PB.  The  arousal  index  was 
11.6  ±  3.8  at  sea  level.  30.1  ±  15.5  at  the  first 
week  at  altitude  and  33.0  ±  IS. 2  al  the  fourth 
week.  Al  altitude,  arousal  index  in  NREM  sleep 
was  higher  during  PB  than  during  regular  breath- 
ing. In  NREM  sleep,  the  mean  highest  Sa.O, 
levels  in  NREM  epochs  with  PB  were  higher 
than  in  those  with  regular  breathing  by  2.8  ± 
1 .7%  at  the  first  week  and  2.9  ±  1 .5%  at  the 
fourth  week  (p  <0.025).  From  the  first  to  the 
fourth  week,  mean  Sa.O,  increased  significantly 
during  wakefulness  (5.6%).  NREM  (5.2'7c  with 
regular  breathing  and  5.3%  with  PBl  and  rapid 
eye  movement  sleep  (7.6%).  The  data  demon- 
.strate  a  slight  role  of  periodic  breathing  in  al- 
tering sleep  architecture  at  high  altitude  and 
al.so  show  that  periodic  breathing  induces  only 
a  minor  improvement  in  arterial  oxygen  satu- 
ration during  nonrapid  eye  movement  sleep. 

PharniacoliiHic  I  reatment  of  .Sleep-Disor- 
dered Breathin;; — Hudgel  DW.  Thanakitcharu 
S.  Am  J  Respir  Crit  Care  Med  1998:158(3): 
69 1 . 

Available  literature  on  the  use  ol  pharmaco- 
logic agents  for  the  treatment  of  slccp-disor- 
dcrcd  breathing  was  reviewed  by  cvidenced- 
based  methodology.  Evidence  tables  were 
created  and  studies  were  graded  according  to 
study  design  and  the  number  of  subjects  in- 
cludcil.  Scores  for  each  group  of  studies  eval- 
uating each  pharmacologic  agent  were  estab- 
lished so  that  the  i|uality  of  research  fordiffcreni 
drugs  could  he  compared.  The  use  of  various 
ventilatory  slimidants.  psychotropic  drugs,  ami 
.mlih\  jierlcMsive  aycnis   were   rc\  icwet.!,    I'lic 


most  objective  data  are  axailabic  on  theophvl- 
line  and  opioid  antagonist/nicotine  groups.  Al- 
though more  controlled  studies  would  be  help- 
ful, relatively  clear-cut  indications  for  the  use 
of  ventilatory  stimulants  exist  for  hypercapnic 
obesity-hypoventilalion  patients  (medroxypro- 
gesterone), myxedema  {thyroid  replacement), 
central  apnea  (acetazolamide).  and  periodic 
breathing  in  congestive  heart  failure  (theophyl- 
Inicl  Few  randomized,  well -control  led  trials 
have  been  published  that  evaluate  pharmaco- 
logic agents  in  the  treatment  of  classic  OS  A.  To 
date,  no  one  agent  stands  out  as  being  useful  for 
OSA.  Future  research  will  need  to  characterize 
subjects  so  that  various  subsets  of  patients  can 
be  tried  on  one  or  on  a  combination  of  various 
pharmacologic  agents. 

Concepts  of  Fever — Mackowiak  PA.  Arch  In- 
tern Med  1998:158(17):I870. 

If  :isked  to  define  fever,  most  physicians  would 
offer  a  thermal  definition,  such  as  'fever  is  a 
temperature  greater  than.  ..."  In  offering  their 
definition,  many  would  ignore  the  importance 
of  the  anatomic  site  at  which  temperature  mea- 
surements are  taken,  as  well  as  the  diurnal  o.s- 
cillations  that  characterize  body  temperature.  If 
queried  about  the  history  of  clinical  thermom- 
etry, few  physicians  could  identify  the  source 
or  explain  the  pertinacity  of  the  belief  that  98.6 
degrees  F  (37.0  degrees  C)  has  special  ineaning 
vis-a-vis  normal  body  temperature.  Fewer  still 
could  cite  the  origin  of  the  thermometer  or  trace 
the  evolution  of  modern  concepts  of  clinical 
thermometry.  Although  many  would  have  some 
knowledge  of  the  fundamentals  of  thermoreg- 
ulation and  the  role  played  by  exogenous  and 
endogenous  pyrogens  in  the  induction  of  fever, 
few  would  have  more  than  a  superficial  knowl- 
edge of  the  broad  biological  activities  of  pyro- 
genic  cytokines  or  know  of  the  existence  of  an 
equally  complex  and  important  system  of  en- 
dogenous cryogens.  A  distinct  minority  would 
appreciate  the  obvious  paradoxes  inherent  in  an 
enlarging  body  of  data  concerned  with  the  ques- 
tion of  fever's  adaptive  value.  The  present  re- 
view considers  many  of  these  issues  in  the  light 
of  current  data. 

Kaiuloniized  Controlled  Trial  of  I'ulnionary 
Kehahilitation  in  Severe  Chronic  Obstruc- 
tive Pulmonary  Disease  Patients,  Stratified 
with  the  MRC  Dyspnoea  Scale — Wed/icha 
JA.  Bcstall  JC.  Garrod  R.  Garnham  R.  Paul  EA. 
Jones  PW.  Eur  Respir  J  I998:I2(2):.363. 

This  sunly  Icsleil  ihc  hypothesis  lh:il  sc\eiil>  ol 
respiratory  disability  nuiy  alTect  ihe  oulconie  ol 
pulmonary  rehabilitation.  In  this  randomized, 
controlled  study.  126  patients  with  chronic  ob- 
structive pulmonary  disease  (COPDl  were  strat- 
ified for  dyspnoea  using  the  Medical  Research 
Council  (MRC)  dyspnoea  score  into  MRC3/4 
iModci.itcl  (11     (i6)  and  MRC  5  (Severe)  dvs- 


pnocic  (n  ^(lOl  groups.  The  patients  were  ran- 
domly assigned  to  an  eight  week  programme  of 
either  exercise  plus  education  (Exercise  group) 
or  education  (Control  group).  Education  and 
exercise  programmes  for  the  moderately  dys- 
pnoeie  patients  were  carried  out  in  a  hospital 
outpatient  setting.  Severely  dyspnoeic  patients 
were  all  treated  at  home.  Those  in  the  Exerci.se 
group  received  an  individualized  training  pro- 
gramme. There  was  a  significant  improvement 
in  shuttle  walking  distance  in  the  moderate  dys- 
pnoeic group,  who  received  exercise  training; 
baseline  (mean  ±  SEM)  191  ±  22  m.  post- 
rehabi Illation  279  ±  22  m  (p<0.001).  There 
was  no  improvement  in  exercise  performance 
in  the  .severely  dyspnoeic  patients  receiving  ex- 
ercise. Neither  group  of  control  patients  im- 
proved. Health  status,  assessed  by  the  Total 
Chronic  Respiratory  Disease  Questionnaire 
score,  increased  in  the  moderately  dyspnoeic 
patients  receiving  exercise  from  80  ±  18  to 
95  ±  17  (p<0.0001 )  after  rehabilitation.  Much 
smaller  changes  were  seen  in  the  other  three 
groups.  Improvement  in  exercise  performance 
and  health  status  in  patients  with  chronic  ob- 
structive pulmonary  disease  after  an  exercise 
programme  depends  on  the  initial  degree  of  dys- 
pnoea. 

Emotional  Status  Does  Not  .\lter  Exercise 
Tolerance  in  Patients  v\ith  Chronic  Obstruc- 
tive Pulmonary  Disease — Borak  J.  Cho- 
dosowska  E.  Matuszewski  A.  Zielinski  J.  Eur 
Respir  .1  I99X:12(2):37(), 

Exercise  tolerance  in  chronic  obstructive  pul- 
monary disease  (COPD)  patients  has  been 
shown  to  be  related  to  airway  limitation  and 
dyspnoea,  but  little  is  known  about  the  effects 
of  an  emotional  status  on  physical  performance. 
We  examined  49  COPD  patients  with  a  wide 
spectrum  of  airway  limitation  severity  and  hy- 
poxaemia.  Exercise  tolerance  was  evaluated  u.s- 
ing  the  Six-minute  Walking  Distance  Test 
{6MWD).  dyspnoea  at  rest  and  on  exercise  was 
measured  using  the  visual  analogue  scale,  and 
Ihe  emotional  status  was  evaluated  using  Ihe 
battery  of  psychological  tests.  The  axerage 
6MWD  (mean  ±  SD)  was  3.55  ±112  m.  In  the 
majority  of  patients  a  fall  in  arterial  blood  ox- 
ygen saturation  (Sa.O,)  on  exercise  of  >3'7r 
was  fmnul.  The  mean  dyspnoea  score  of  21  ± 
19  at  rest  increased  lo  66  ±  19  on  exercise.  M\ 
subjects  demonstrated  an  incre;ised  level  of  anx- 
iety. The  majority  also  demonstrated  eJevated 
emotional  tension,  and  half  of  the  study  group 
showed  signs  of  depression.  Step-wi.sc  multiple 
regression  analysis  with  results  of  6MWD  as 
dependent  and  other  sludicd  variables  as  inde- 
pendent variables  showed  iIkU  exercise  toler- 
ance depended  mainh  oiiaiiuav  limitation.  The 
forced  cxpiratorv  \olume  in  one  second  (FEV,) 
explained  24' i  of  the  variance,  'fhe  forced  vital 
capacity  added  a  further  lO'i .  and  arterial  blood 
carbon  dioxide  Icnsioii  coiUi  ibiiled  Ti .  The  dvs- 
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nEW!  Orientation  & 
Competency  Manual 

The  Orientation  and  Competency  Assurance 
Manual  for  Respiratory  Care  provides  the 
information,  assessment  tools,  and  models 
necessary  to  demonstrate  that  the  competence 
of  employees  is  documented  according  to  JCAHO 
requirements. 

Item  BKS5    $65  (sqo  nontnembers) 


nEW!  Uniform  Reporting 
Manual  for  Subacute  Care 

The  Uniform  Reporting  Manual  for  Subacute  Care  is  a 
tool  to  determine  productivity,  track  trends  in  the 
utilization  of  respiratory  care  services,  assist  in 
determining  personnel  requirements,  measure  de- 
mand for  and  intensity  of  services,  and  meet  the  re- 
quirements of  prospective  payment  systems.  (PPS). 

Item  BK2    $75  ($115  nonmembers) 


nEW!  Respiratory  Home  Care 
Procedure  Manual 

The  new  Respiratory  Home  Care  Procedure  Manual 
is  especially  designed  for  the  home  care  setting. 
And.  it  is  easily  adaptable  to  any  alternate  care 
site  from  subacute  to  home  medical  equipment 
companies  and  nursing  agencies.  The  manual 
features  five  sections  of  information,  forms,  and 
checklists  for  the  patient  and  practitioner. 

Item  BK3    $80  ($150  nonmembers) 


nEW!  I.V.  Sample  Curriculum 

The  I.V.  Sample  Curriculum  is  designed  for  use  by 
respiratory  care  educational  programs  in  conjunc- 
tion with  their  clinical  affiliates.  A  course  following 
this  curriculum  will  augment  training  programs  for 
respiratory  care  practitioners  with  thorough  in- 
struction in  I.V. -line  placement  and  management. 
Contains  everything  needed  to  establish  a  complete 
I.V. -line  course:  lesson  outlines,  checklists  and  refer- 
ences. 

Item  BK18    $25  ($35  nonmembers) 


Here's  how  to  order  - 

Call  the  American  Association 
for  Respiratory  Care  at 

(472)243-2272 
for  your  Continuing  Education  needs 


Abstracts 


pnoca  lc\cl  on  cvcicisc  added  onl>  O.y'i.  All 
tour  \aiiahlcs  explained  -ilVi  of  the  \ariance. 
There  was  no  eorrelalion  between  6MWD  and 
any  ol'  the  \  ariahles  characterizing  the  enuilional 
status.  We  conclude  that  the  emotional  status  of 
chronic  ol:istmcti\e  pulmonary  disease  patients  is 
characterized  by  an  increased  le\  el  of  psycholog- 
ical tension.  anxiet\  and  depression,  hut  these  do 
[lot  allect  exercise  tolerance  as  assessed  by  the 
si\-niinutc  ualkuig  distance  test. 

The  Haemodynanilc  Response  to  Exercise  in 
Chronic  ()bslrucli^e  Pulmonary  Disease:  .As- 
sessment h)  Impedance  Cardiography — Bo- 

gaard  HJ.  Dekker  BM,  Arnlzen  BW.  Woltjer 
HH.  \an  Kcinipcnia  AR.  Postmus  PE.  de  Vries 
PM.  Eur  Rcspn  .1   I  W,S;I2(2|:.^74. 

This  study  amicd  to  determine  the  dilTerences 
in  haemodynaniic  responses  to  a  standard  in- 
cremental exercise  test  between  outpatients  with 
chronic  obstructive  pulmonary  disease  (COPD) 
and  age-matched  controls  and  to  discover  the 
relationship  between  severity  ot  airllow  obstruc- 
tion and  exercise  haemodynaniics  in  COPD. 
Twenty-two  male  patients  with  COPD  (forced 
expiratory  volume  in  one  second  (FEV|)/vital 
capacity  (VC))  <80</f  predicted)  and  20  age- 
matched  male  controls  pcrfoniicd  an  incremen- 
tal exerci.se  te.st  (10  W  \  inui  '  l  with  Ncntikitory 
function  and  changes  in  stroke  volume  (ASVl 
and  cardiac  output  (ACO)  measured  by  means 
of  electrical  impedance  cardiography  (EIC). 
Submaximal  ASV  and  ACO  were  lower  in 
COPD  patients.  Peak  exercise  ASV  were  equal 
in  patients  and  controls  (128  ±  3}  versus 
129  ±  299c.  p=0.98).  whereas  peak  ACO  was 
lower  in  patients  (COPD  versus  controls: 
232  ±  71  versus  289  ±  54%,  p<0.005).  In 
COPD  patients.  FEV,  (%  pred)  was  signifi- 
cantly correlated  to  ASV  at  all  submaximal  ex- 
ercise intensities,  to  peak  exercise  ASV  and  to 
peak  exercise  ACO.  FEV,/VC  (9;  pred)  was 
significantly  correlated  to  ASV  at  M)  and  W)  W. 
In  conclusion,  in  chronic  obstructive  pulmo- 
nary disease  an  aberrant  haemodynamic  re- 
sponse to  exercise  was  found,  especially  in  pa- 
tients with  severe  airflow  obstruction.  This 
aberrant  response  is  related  to  the  degree  of 
airflow  obstruction  and  may  limit  exercise  per- 
formance in  patients  with  severe  chronic  ob- 
structive pulmonary  disease. 

(iliarellc  Smoke  Inhalation  and  I.un);  Dani- 
ai-einSniokin;;  \  oiunteers — t  lark  Kl).  Ward 
robc-WoiiLj  N.  I  III, .It  .1.1.  Gill  PT.  Tait  NP. 
Snashall  PI),  l.ur  Kcspn- .1  199S;I  2(2):.W.S. 

Cigarette  smoking  is  the  donnnaiu  risk  laclui 
for  chronic  obstructive  pulmonary  disease 
(COPD)  but  only  lO-I.S'/r  of  smokers  develop 
the  condition.  Risk  does  not  relate  closels  In 
cumulative  cigarette  consumption,  perhaps  be- 
cause smokers  \ary  in  the  degree  and  depth  of 
smoke  iiihalalloii.  I  his  sludv  exannncd  ihc  role 


of  smoke  inhalation  in  the  development  of 
COPD.  Eighty  current  smokers  and  20  lifetime 
nonsmoking  volunteers  (aged  35-6.5  yrs)  were 
recruited.  Lung  function  variables  were  mea- 
sured and  high-resolution  computed  tomogra- 
phy (HRCT)  scans  performed.  Smoke  inhala- 
tion was  assessed  by  CO  boost  (the  increment 
of  expired  carbon  monoxide  5  min  after  smok- 
ing a  cigarette)  and  serum  cotinine.  Mean  CO 
boost  was  6.3  parts  per  inillion  (ppm)  in  smok- 
ers with  low  CO  transfer  coefficients  (KCO) 
and  2.9  ppm  in  those  with  normal  KCO 
(p  =  0.006);  7.2  ppm  in  smokers  with  both 
HRCT-defined  einphysema  and  a  low  KCO  and 
2.6  ppm  in  those  with  neither  abnormality 
(p=0.002);  4.5  ppm  in  smokers  with  HRCT- 
defined  emphysema  alone  and  2.8  ppm  in  those 
without  (p=0.()8).  Mean  scrum  colininc  was 
328  ng  X  mL'  in  smokers  with  chronic  produc- 
tive cough  and  243  ng  \  niL  '  in  those  without 
(p=0.005).  Lifetime  nonsniokers  had  normal 
HRCT  scans,  lung  function  and  scrum  cotinine. 
Emphysema  is  associated  with  high  alveolar 
smoke  exposure  as  measured  by  CO  boost.  Pro- 
ducti\e  coughing  is  associated  with  high  nico- 
tine uptake,  probably  from  airway  smoke  par- 
ticle deposition. 


Treatment  Of  Cheyne-Stokes  Respiration 
with  Nasal  Oxygen  and  Carbon  Dioxide — 

Andreas  S.  Weidel  K.  Hagenah  G.  Heindl  S. 
Eur  Respir  J  1 998;  1 2(2 1:4 1 4. 

Chcyne-Stokes  respiiadon  (CSR)  is  coniiiion  in 
patients  with  congestive  heart  failure  (CHF)  and 
is  associated  with  significant  nocturnal  O,  de- 
saturation,  arousals  and  sympathetic  activation. 
Nocturnal  O,  reduces  CSR  by  only  about  50'7r. 
More  complete  suppression  of  CSR  may  be 
achieved  by  adding  CO,  to  O,.  This  study  there- 
fore aimed  to  evaluate  the  effects  of  nocturnal 
O,  plus  CO,  on  CSR.  sleep  and  sympathetic 
activation.  Nine  patients  w  ith  CHF  (age  59  ±  5 
yrs;  left  ventricular  ejection  fraction  17.8  ± 
\.2'/c  (mean  ±  SEMl  were  studied  in  a  cross- 
over, single-blind,  placebo-controlled  trial.  Af- 
ter an  accommodation  night  the  patients  were 
randomly  assigned  to  one  night  each  of  O,  plus 
CO,  as  well  as  air  applied  by  nasal  prongs. 
Nocturnal  O,  plus  CO,  reduced  the  duration  of 
CSR  as  percentage  of  total  sleep  time  (48.0  ± 
I()\crsus7.4  ±  2,()'i;  p-().()()8)  and  increased 
.iitciial  owgcn  saluialion  (Sa.O.)  ;is  well  ;is 
mean  transcutaneous  carbon  dioxide  tension 
(Ptc.CO^)  (5.2  ±  0.3  kPa  (.39  ±  2  mm  Hg) 
versus 5,7  +  ()3kPa(43  +  2mmHg)p  =  ()(ll  I), 
Sleep  did  iini  mipiovc  and  arousals  were  luU 
icduccd  Plasma  ii,ii.idrciialine  was  higlici  on 
Ihc  treatment  night  (486  i  116  versus  669  * 
163  ng  X  1.  ';  p  (1,035),  In  conclusion.  noc(ur- 
iKil  (),  plus  CO,  improves  Chcvnc  Slokes  res 

bill  has  adverse  ellccis  on  llic  sci|iicl  ol  Chcvnc 
Slokes  icspiialion.  namclv  svmpalhclicaclivalion. 


EfTcct  of  Oxygen  on  Breathing  Irregularities 
during  Haemodialysis  in  Patients  with 
Chronic  I'raemia— 'i  ap  JC.  Wang  YT,  Poh 
SC,  Eur  Respir  J  I99S;I2(2);420. 

Hypoxaemia  and  breathing  irregularities  have 
been  shown  to  occur  during  haemodialysis  in 
patients  with  chronic  renal  failure.  This  study 
examined  the  role  of  hypoxia  in  the  genesis  of 
the  irregular  breathing  during  haemodialysis. 
The  ventilatory  patterns  using  respiratory  in- 
ductance plethysmography  and  arterial  blood 
gases  were  studied  in  seven  males  with  chronic 
renal  failure  on  long-term  haemodialysis.  The 
study  was  carried  out  before  and  during  dialysis 
on  one  day  without  (Dl )  and  another  day  with 
intranasal  oxygen  at  4  L  \  min  '  (D2|,  On  Dl, 
mean  (SD)  arterial  <ixvgcn  tension  (Pa.Oj  fell 
1.9  (0.9)  kPa  (p<O.OOI )  and  mean  minute  ven- 
tilation (yE)  fell  1.9  (1.1)  L  x  min  '  (p<0.01) 
during  dialysis.  The  arterial  carbon  dioxide  ten- 
sion (Pa,CO,)  did  not  show  a  significant  de- 
crease (4.7  (0.21  kPa  before  and  4.6  (0.2)  kPa 
during  dialysis).  Cumulative  number  of  apnoeas 
was  64  and  the  coefficients  of  variation  (COV) 
of  respiratory  frequency  (fR)  and  tidal  volume 
|V|.)  were  29.6  (11.9)  and  38.2  (ll.9)9i,  re- 
spectively. On  D2,  mean  Pa,0,  remained  stable 
(20.4  (4,1)  kPa  before.  21.3  (4.1)  kPa  during 
dial) sis).  There  was  no  significant  change  in 
mean  yE  (6.4  (0.9)  L  x  min"'  before,  5.5  (0.5) 
Lx  min  '  during  dialysis).  Pa, CO,  decrease  was 
not  significant  but  the  fall  was  greater  (4.8  (0. 1 ) 
kPa  before,  45  (0.5)  kPa  during  dialysis).  Cu- 
mulative number  of  apnoeas  was  94  and  the 
COVs  offR  and  V^  were  35.8  (5.1)  and  40.5 
(11.3)%.  respectively.  Oxygen  administration 
did  not  significantly  affect  the  haemodialysis- 
induced  changes  in  ventilation  and  breathing 
pattern,  despite  a  significant  protective  effect 
Ironi  Ihc  fall  in  arterial  oxygen  tension.  It  was 
concluded  thai  the  fall  in  arterial  oxygen  ten- 
sion IS  not  the  main  determinant  of  breathing 
irregularities  during  haemodialysis. 

Cough  and  Sleep  in  Inner-City  Children — 

Fuller  P,  Picciotto  A,  Davies  M,  McKen/ie  SA. 
Eur  Respir  J  I998;I2(2);426. 

This  sludv  aimed  to  determine  whether  cough 
at  night  keeps  children  awake,  to  describe  the 
lelalionship  between  children's  cough  and  sleep 
and  to  report  parciUs'  perceptions  of  their  chil- 
dren's cough  and  sleep,  Thirlv-nine  chiklien 
with  reported  persistent  cough  at  night  i  3 
weeks)  were  recruited  and  studied  for  6  nights 
by  video-recording.  Coughs  were  counled  .ind 
sleep  suiic  was  coded  for  ,iwakc.  rcsllcss  sleep 
and  i|uicl  sleep.  The  I  cl.ilioiiships  bet  ween  cough 
ami  sleep  stale  between  subjects  and  within  sub- 
jects wcie  cxaiiiiiied  by  correlation  and  regres- 
sion \lici  night  2  the  parents  were  asked 
wliclhci  iheii  child  had  coughed  or  h.id  dis- 
luibcil  sleep  .iiul  allei  night  (i  Ihev  were  asked 
whclhci  Ihcic  had  been  .inv  cham:c,  Ihcie  w.is 
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Abstracts 


.1  ucak  iclaIioiislii|i  Iil-iul-cii  loi}  pLMconlugc  nl 
Ihc  niglil  awake  aiiJ  log  luiinbcr  ol  coughs 
(r=O.I3,  SE  0.036).  and  log  (percentage  of  the 
night  awake  plus  restless  sleep)  and  log  number 
of  coughs  (r=().()16.  SE  0.007 1 ).  If  the  relation- 
ship between  cough  and  sleep  stale  is  causal, 
halving  the  number  of  coughs  will  reduce  the 
percentage  of  the  night  awake  by  y/r  l.9y/c  con- 
fidence interval  (CI)  4-\5Vc)  and  percentage 
awake  and  restless  by  19;  (95%  CI  0-2%).  All 
but  one  parent  coirectly  identified  coughing  and 
82'7t  delected  change.  Most  could  not  comment 
on  their  child's  sleep.  lmpro\cnicnl  in  cough 
would  result  in  little  reduction  in  either  the  per- 
centage of  the  night  awake  or  awake  and  rest- 
less in  the  average  child  in  the  population  stud- 
ied. Parents  could  detect  whelhci  then  children 
were  coughing  but  not  whelhci  ihcir  sleep  was 
disturbed. 

Assessment  of  ,\cciirac>  iind  .Appllcahilily  of 
a  New  Electronic  Peak  Flow  Meter  and 
Asthma  Monitor — Richter  K.  Kanniess  F. 
Mark  B.  Jones  RA.  Magnussen  H.  Eur  Respir 
J  I998;12(2):457. 

The  aim  of  this  study  was  to  assess  the  accu- 
racy and  applicability  of  a  portable  electronic 
peak  flow  meter  combined  with  an  asthma  mon- 
itor (AMI.  Jaeger,  Germany)  which  measures 
peak  expiratory  How  (PEP),  forced  expiratory 
volume  in  one  .second  (FEV,)  and  forced  vital 
capacity  (FVC).  The  technical  accuracy  in  PEE. 
FEV,  and  FVC  measurement  was  tested  ac- 
cording to  American  Thoracic  Society  (ATS) 
criteria  for  monitoring  devices  using  a  How  gen- 
erator. In  addition,  the  effect  of  connecting  a 
healed  screen  pneumotachograph  (PT)  to  the 
AMI  was  determined  and  the  accuracy  in  FEV, 
determinations  was  evaluated  by  simultaneous 
measurements  in  49  normal  volunteers.  The  de- 
vices tested  fulfilled  all  ATS  criteria  for  mon- 
itoring devices  with  respect  to  the  accuracy  of 
PEE.  FEV|.  and  FVC  measurements.  The  con- 
ditions of  intra-  and  interdevice  variability  were 
satisfied  in  all  cases.  Compared  with  the  PT. 
the  AMI  showed  about  4%  lower  values  in 
FEV|,  as  measured  in  the  49  subjects.  In  con- 
clusion, the  electronic  peak  flow  meter  and 
asthma  monitor  AMI  yielded  valid  measure- 
ments of  peak  expiratory  How  and  forced  ex- 
piratory volume  in  one  .second,  which  matched 
the  accuracy  criteria  of  the  American  Thoracic 
Society  standards  for  monitoring  devices. 

Driid  Output  from  Nehulizcrs  is  Dependent 
on  the  Method  of  .Measurement — Harry  I'W. 
O'Callaghan  C.  liur  Respu  J  199S;12(2):46.V 

The  objeclivc  of  this  study  was  to  determine 
whether  current  regulatory  methods  for  assess- 
ing the  output  of  nebulizers  are  appropriate  for 
the  delivery  of  nebulized  steroid  suspensions  to 
patients.  We  studied  a  conventional  jet  nebu- 
lizer (the  Inlcrsurgical  Cirrus),  an  open -\enl  neb- 


iili/cr  (the  Medicaid  Sidcsliv.iiiii  .iiul  a  hicilh- 
enhanced  nebulizer  (the  Pari  LC  Plus),  using  a 
constant  sampling  (low  or  a  sinusoidal  pump  to 
represent  the  breathing  pattern  of  children  from 
6  months  to  adulthood.  Recovery  of  budesonide 
released  from  the  nebulizers  onto  filters  was 
reduced  when  using  breathing  simulation  com- 
pared with  constant  How,  and  this  reduction 
v\as  greatest  for  the  conventional  nebulizer  (Cir- 
rus, 10.1  microg  with  constant  How  lo  4.4  mi- 
crog  with  a  50  niL  tidal  volume;  Pan.  176  mi- 
crog to  25  microg).  The  open-vent  nebulizer 
deposited  very  little  budesonide  on  the  filter  at 
lower  tidal  volumes  (4.5  microg  with  a  50  niL 
tidal  volume),  possibly  because  the  enhanced 
flow  of  aerosol  laden  air  was  greater  than  the 
inspiratory  flow  from  the  breathing  simulator. 
The  output  of  the  LC  plus  was  reduced  at  high 
flow,  from  176  microg  at  20  L  x  niin  '  to  9.3 
microg  at  60  L  x  min '.  Overall,  the  measured 
output  varied  by  up  to  700%,  depending  on  the 
method  used.  These  results  suggest  that  breath- 
ing patterns  dramatically  alter  the  measured  out- 
put of  different  nebulizers  and  that  breathing 
simulation  should  be  included  as  part  of  their 
assessment. 


A  New  Method  for  Measuring  Aerosol  Neb- 
ulizer Output  Using  Radioactive  Tracers — 

Gatnash  AA.  Chandler  ST.  Connolly  CK.  Eur 
Respir  J  199S;12(2):467. 

Reproducibility  and  comparability  of  bronchial 
challenge  tests  depends  critically  on  accurate 
assessinent  of  nebulizer  output.  Evaporation 
during  nebulization  ineans  that  simple  weigh- 
ing is  inaccurate,  overestimating  the  delivered 
dose  of  active  ingredient.  We  wanted  to  quan- 
tify this  effect  in  the  context  of  intermittent 
nebulization,  using  a  dosimeter  as  used  in  bron- 
chial provocation  tests.  Output  of  three  types  of 
nebulizer,  from  the  MEFAR  dosimeter,  was 
measured  by  radioactive  tracer,  using  a  stan- 
dard solution  of  lechnetium-99m-pertechnetate 
( 1 .5  kBq  X  mL" ' )  in  4  niL  of  normal  saline.  The 
aerosol  was  impacted  by  suction  onto  a  micro- 
filter,  and  the  radioactivity  measured.  Nebuliz- 
ers were  weighed  before  and  after  nebulization. 
Ratio  of  nebulized  volume  calculated  from  (he 
radioactivity  on  the  filter,  to  the  total  \()lunie 
loss  by  weight,  was  expressed  as  nebulized  ra- 
tio. The  effect  on  output  of  two  concentrations 
of  methacholine,  two  tracers  of  different 
weights,  and  change  in  temperature,  were  as- 
sessed. Nebulized  ratio  varied  between  44.1- 
7 1  .(i'/< .  Results  were  more  consistent  within  the 
same  type  of  nebulizer  than  between  different 
makes.  Neither  changes  in  molar  concentration 
nor  molecular  weight  affected  nebulizer  output 
or  nebulized  ratio.  Mean  nebulized  ratio  was 
5S.5'/K  showing  that  calibration  by  weighing, 
overestimates  the  delivered  dose  by  a  factor  of 
approximately  two.  Measuring  radioactivity 
eluled  from  a  niiciolillcr.  onio  which  nebulized 


oul|iiil  had  been  impacted  pro\ed  (o  be  a  satis- 
laclorv  method  of  calibration. 


Exogenous  Surfactant  Preserves  Lung  Func- 
tion and  Reduces  .\lveolar  Evans  Blue  Dye 
Influx  in  a  Rat  Model  of  Ventilation-Induced 
Lung  Injur>  — Verbrugge  SJ.  Vazquez  de  .^nda 
G.  Gommcrs  D.  Neggers  SJ.  Sorm  V.  Bohm  SH, 
Lachmann  B.  Anesthesiology  199S;S9(2):467. 

BACKGROUND:  Changes  in  pulmonary 
edema  infiltration  and  surfactant  after  intermit- 
tent positive  pressure  ventilation  with  high  peak 
inspiratory  lung  volumes  have  been  well  de- 
scribed. To  further  elucidate  the  role  of  surfac- 
tant changes,  the  authors  tested  the  effect  of 
different  doses  of  exogenous  surfactant  preced- 
ing high  peak  inspiratory  lung  volumes  on  lung 
function  and  lung  permeability.  METHODS: 
Five  groups  of  Sprague-Dawley  rats  (n  =  6  per 
group)  were  subjected  to  20  min  of  high  peak 
inspiratory  lung  volumes.  Before  high  peak  in- 
spiratory lung  volumes,  four  of  these  groups 
received  intratracheal  administration  of  saline 
or  50.  100.  or  200  mg/kg  body  weight  surfac- 
tant; one  group  received  no  intratracheal  ad- 
ministration. Gas  exchange  was  measured  dur- 
ing mechanical  ventilation.  A  sixth  group  served 
as  nontreated,  nonventilated  controls.  After 
death,  all  lungs  were  excised,  and  static  pres- 
sure-volume curves  and  total  lung  volume  at  a 
transpulmonary  pressure  of  5  cm  H^O  were  re- 
corded. The  Gruenwald  index  and  the  steepest 
part  of  the  compliance  curve  (Cmax)  were  cal- 
culated. A  bronchoalveolar  lavage  was  per- 
formed; surfactant  small  and  large  aggregate 
total  phosphorus  and  minimal  surface  tension 
were  measured.  In  a  second  experiment  in  five 
groups  of  rats  (n  =  6  per  group),  lung  perme- 
ability for  Evans  blue  dye  was  measured.  Be- 
fore 20  min  of  high  peak  inspiratory  lung  vol- 
umes, three  groups  received  intratracheal 
administration  of  100.  2(X).  or  400  mg/kg  body 
weight  surfactant;  one  group  received  no  intratra- 
cheal administration.  A  fifth  group  served  as  non- 
treated,  nonventilated  controls.  RESULTS:  Exog- 
enous surfactant  at  a  dose  of  200  mg/kg  preserved 
total  lung  Milume  at  a  pressure  of  5  cm  H,0. 
maximum  compliance,  the  Gruenwald  Index,  and 
oxygenation  after  20  min  of  mechanical  ventila- 
tion. The  most  active  surfactant  was  recovered  in 
Ihc  group  that  received  200  mg/kg  surfactant,  and 
this  dose  reduced  minimal  surface  tension  of  bron- 
choalveolar lavage  to  control  values.  Alveolar  in- 
llux  of  E\  ans  blue  dye  was  reduced  in  the  groups 
that  received  200  and  41K)  mg/kg  exogenous  sur- 
factant. CONCLUSIONS:  Exogenous  surfactant 
preceding  high  peak  inspiratory  lung  volumes  pre- 
vents impairment  of  oxygenation,  lung  mechan- 
ics, and  minimal  surface  tension  of  bronchoalveo- 
lar lavage  lluid  and  reduces  alveolar  inllux  of 
Evans  blue  dye.  These  data  indicate  that  surfac- 
tant has  a  beneficial  efi'ect  on  ventilation-induced 
lung  injur)- 
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Abstracts 


Trends  in  Infectious  Disease  Hospitulizutions 
in  tlie  United  States,  I9S0-1994  Simcnscii 
L.  Ccinn  LA.  Pinner  RW.  Tculsch  S.  Arch  In- 
Icrn  Med  myS;l?S{  I7);iy:.v 

BACKGROUND:  A  iciL-nl  suidy  ciincluelcd  ihal 
hclv\ccn  lySOancJ  \9^>2.  dealhs  Ironi  Milcclious 
diseases  increased  SS'^f.  This  article  explores 
trends  in  inl'eetious  diseases  as  a  cause  ol  lios- 
pilaiizalion.  METHODS:  We  analyzed  data 
from  tlie  National  Hospitalization  Discharge 
Survey  lor  1980  through  1994  using  a  previ- 
ously developed  approach  to  evaluate  inlectious 
diseases  in  data  coded  according  to  the  Inter- 
national Classification  of  Diseases,  Ninth  Re- 
vision. RESULTS:  Between  1980  and  1994,  the 
rale  of  hospitalizations  in  the  United  States  de- 
clined approximately  }^'i ;  hospnali/ations  oc- 
curred at  a  rate  of  1.13  ±  5  per  1000  US  pop- 
ulation (.15  million  ±  I  million  discharges)  in 
1994.  The  rate  of  hospitalization  for  infectious 
diseases  declined  less  steeply — \29c  during  this 
interval — resulting  in  an  increased  proportion 
of  hospitalizations  because  of  infectious  dis- 
eases. In  1994,  the  rale  of  hospitali/atmns  lor 
infectious  diseases  was  15.4  ±  0.7  per  1000  US 
population  (4.0  million  ±  0.2  million  discharg- 
es). The  fatality  rale  associated  with  hospital- 
izations for  infectious  diseases  increased  from 
\.9Vc  ±  0.1%  to  4.0%  ±  0.37c,  attributable  to 
increased  hospitalizations  of  elderly  persons  and 
an  increased  fatality  I'ate  among  those  younger 
than  65  years.  Among  selected  categories,  hos- 
pitalizations for  human  ininuinodericieiicy  \i- 
rus  infections  and  acquired  imnumodcliciency 
syndrome,  prosthetic  device  infections,  sepsis, 
and  inycosis  increased  substantially,  and  hos- 
pitalizations for  upper  respiratory  tract  infec- 
tions, pelvic  innammatory  disease,  and  oral  in- 
fections declined  sharply.  Hospitalizations  lor 
lower  respiratory  tract  infections  constituted 
37'7(  of  all  infectious  disease  hospitalizations  in 
1994.  CONCLUSIONS:  Considering  hospital- 
izations as  a  dimension  of  the  burden  of  infec- 
tious diseases  in\ ol\es  an  array  of  factors:  sec- 
ular trends  in  hospitali/alion.  changing  case 
management  practices,  demographic  changes, 
and  trends  in  the  variety  of  infectious  di.seases 
themselves.  Incieases  in  the  pi'oportions  of  hos- 
pitalizations because  of  infectious  diseases  dur- 
ing years  when  hospitalizations  for  all  causes 
were  decreasing  rellect  an  increasing  burden  of 
inlectious  diseases  in  Ihe  United  States  between 
I9X')  and  the  mid-199()s. 

In  \  iliol'i'rfoiiiuMUeof  IhreeConihiniitioiis 
of  Spacers  and  I'ressuiized  Metered  Dose  In- 
halers tor  Treatment  in  Children.  Berg  U.  Mad- 
sen  J.  Bisgaard  H.  Eur  Rcspir  .1  I99X:I2(:):47:. 

The  pcrrormance  of  pressuri/ed  nielcieil  dose 
inhalers  ipMDIs)  and  spacers  m  correct  dose 
rccommendalions  is  inipoitant.  but  limited  in- 
formation on  dose  delivery  and  line-particle 


dose  lidiii  dilTcrciU  conibiiiatiiMis  ol  spacers  and 
pMDIs  IS  a\ailable.  In  this  study,  three  conihi- 
nalions  of  spacers  and  pMDIs  were  investigat- 
ed: NcbuChamber  and  AeroChamber  with 
budesonide  pMDl  and  Babyhaler  with  flutica- 
sone propionate  pMDI.  Doses  were  withdrawn 
onto  a  filter  either  with  a  breathing  simulator 
(dose  to  ventilator)  or  with  constant  How  i max- 
imal dose).  The  fine-particle  dose  was  assessed 
uith  a  cascade  impactor  l.Vndeisen  Samplei  I, 
The  effect  of  repeated  use  and  cleaning  of  the 
spacers  on  the  passive  fallout  of  aerosol  w  ithin 
the  spacers  was  determined  by  evacuating  the 
dose  on  a  filter  2,  5,  10  and  30  s  after  actuating 
the  spray.  The  drugs  were  quantified  by  liquid 
chi'omatography.  The  NebuChamber  delivered 
the  highest  doses,  both  maximal  dose  and  dose 
to  ventilator.  The  recovered  doses  (means±SD) 
were  55±6%  and  51  ±2%.  respectively,  of  the 
delivered  dose  from  the  pMDI.  The  correspond- 
ing results  for  the  Babyhaler  were  41  ±T7i  and 
24±49f  and  for  the  Aerochamher  27:t3".  and 
17±39f.  The  passi\e  tallout  of  aerosol,  deter- 
mined as  half-life  (tl/2)  was  around  approxi- 
mately 30  s  for  the  NebuChamber.  9- 1 5  s  for 
the  Babyhaler  and  approximately  10  s  for  the 
AeroChamber.  The  present  study  confirms  that 
there  are  significant  differences  in  dose  output 
from  different  combinations  of  pressurized  me- 
tered dose  inhalers  and  spacers,  with  the  Nebu- 
Chamber giving  the  highest  dose,  both  as  de- 
livered dose  and  in  droplets  <4.7  niicrom.  In- 
teractions with  the  spacer  material,  dead  space 
in  the  inspiratory  hue  and  ciUrainmcnl  ol  .ii|- 
during  inhalation  iluc  lo  incHicient  \ahc  con- 
trol could  account  lor  these  diflcrcnccs 

Qualitative  .\spects  ui'  Exertional  Dyspnea  in 
Patients  Hith  Interstitial  Lung  Di.sea,se — 

ODonnell  DE.  Chau  LKL,  Webb  KA.  .1  AppI 
Physiol   I99S;S4(6):2()()(). 

We  compared  qualitative  and  quantitative  as- 
pects of  perceived  exertional  dyspnea  in  pa- 
tients with  interstitial  lung  disease  (ILD)  and 
normal  subjects  and  sought  a  phssiological  ra- 
tionale for  their  differences.  TwcKc  patients 
with  ILD  [forced  vital  capacity  =  f)4  ±  4  (SE) 
%  predicted]  and  12  age-matched  normal  sub- 
jects performed  symptom-limited  incremental 
cycle  exeici.se  tests  with  measurements  ol  dysp- 
nea intensity  (Borg  scale),  ventilation,  breath- 
ing pattern,  operational  lung  \ohinics.  and 
esophageal  pressuies  il'  i  (Ju.iht.iti\c  ilcsciip- 
tors  of  dyspnea  were  selected  at  exercise  ces- 
sation. Both  groups  described  increased  "work 
and/or  effort"  and  "heaviness"  of  breathing:  only 
patients  with  ILD  described  "un.salisfaclory  in- 
spiratory effort"  (75''r).  "increased  inspiratory 
difficulty"  (67%  ).  and  "rapid  breathing"  (58%) 
(p  <  0.05  patients  with  ILD  vs  normal  sub- 
jects). Borg-O,  uptake  (V,,,)  and  Borg-venlila- 
tion  slopes  were  significantly  greater  during  ex- 
ercise in  patients  with  ILD  (p  <  0.01 ).  At  peak 


exercise,  uhen  d\spnca  inlensit\  and  inspira- 
tory effort  (P^., -to-maximal  inspiratory  pressure 
ratio)  were  similar,  the  distinct  qualitative  per- 
ceptions of  dyspnea  in  patients  with  ILD  were 
attributed  to  differences  in  d\namic  \enlilatory 
mechanics,  ie,  reduced  inspirator)  capacity, 
heightened  P^,,-to-tidal  \(ilume  ratio,  and  tachy- 
pnea. Factors  contributing  to  dyspnea  intensity 
in  both  groups  were  also  different:  the  best  cor- 
relate of  the  Borg-V„,  slope  in  patients  with 
ILD  was  the  resting  tidal  \oluine-to-inspiralory 
capacity  ratio  (r  =  0.58.  p  <  0.05)  and  in  nor- 
mal subjects  was  the  slope  of  P^..,-to-maximal 
inspiratory  pressure  ratio  over  V„,  (r  =  0.60. 
p  <  0.05). 

Smaller  Lungs  in  Women  Affect  Exercise 

Hyperpnea— McClaran  SR.  Harms  CA.  Pege- 
low  DP.  Dempsey  J  A.  J  AppI  Physiol   1998: 

84(6):  I  872. 

We  subjected  29  health)  \oung  uonien  (age: 
27  ±  1  y)  with  a  wide  range  ol  fitness  levels 
Imaximal  oxygen  uptake  (VO,,„.J:  57  ±  6  inL 
•  kg- 1  •  min- 1 :  35-70  niL  •  kg- 1  •  min- 1  ]  to  a 
progressive  treadmill  running  test.  Our  subjects 
had  significantly  smaller  lung  volumes  and 
lower  maximal  expiratory  flow  rates,  irrespec- 
tive of  fitness  level,  compared  with  predicted 
values  for  age-  and  height-matched  men.  The 
higher  maximal  workload  in  highly  fit  (VO,,„,,^ 
>57  niL  •  kg-1  •  mm- 1,  n  ^  14)  \s  less-fit 
<VO,,„„  <  56  nil.  ■  kg-1  •  miii-l.  n  =  15) 
women  caused  a  higher  niaximal  xentilation 
IV,  )  Willi  increased  tidal  \oliiine  (V,)  and 
hic.ilhing  frequency  (f)  at  comparable  maximal 
\  r/\ilal  capacity  (VC).  More  expiratory  tlow 
limitation  (EEL:  22  ±  4%  of  V.,-)  was  also  ob- 
served during  heavy  exercise  in  highly  fit  vs 
less-fit  women,  causing  higher  end-expiratory 
and  end-inspiratory  lung  volumes  and  greater 
usage  of  their  maximum  available  ventilatory 
reser\es.  HeO,  (79%  He-21%  O,)  vs  room  air 
exercise  trials  were  compared  (with  screens 
added  to  equalize  external  apparatus  resistance). 
tlcO,  increased  maximal  expiratoiy  How  rales 
(20-38' I  I  (hroughout  the  range  of  VC.  which 
significantly  reduced  EEL  during  hea\y  exer- 
cise. When  EEL  was  reduced  with  HeO,.  VT. 
and  VE  (-(-16  ±  2  L/min)  were  significantly 
increased  during  maximal  exercise.  However. 
in  the  absence  of  EEL  (during  room  air  exer- 
cisei.  HcO,  had  no  ellecl  on  I /.,  We  conclikle 
dial  sniallcr  lung  \okiincs  and  niaxiiiial  How 
rates  lor  women  in  general,  and  especially  highly 
lit  w (imen.  caused  increased  pre\  alence  of  El-'L 
during  hea\y  exercise,  a  ielati\e  Inpermflatioii. 
an  increased  reliance  on  lb.  and  a  greater  en- 
croachment on  Ihe  \eiilil.itoiy  "ieser\e."  Con- 
sequently, VT  and  I'/;'  are  mechanically  con- 
strained during  maximal  exercise  in  many  lil 
w  omen  because  the  demand  for  high  expiralorx 
flow  lalcs  ciicni.iclics  on  ihc  airwa\s'  in.ixi- 
uiiiin  riow-\oliiiiie  cii\ elope. 
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Editorials 


Pressure  Support  Ventilation,  Patient-Ventilator  Synchrony,  and 


Ventilator  Algorithms 


Pressure  support  \eiitilatioii  (PSV)  has  enjoyed  rela- 
ti\ely  wide  acceptance  by  the  medical  comniunity,  owing 
to  a  perceived  improvement  in  patient  comfort.'  -  Simplic- 
ity has  also  been  a  hallmarl<  of  PSV.  The  clinician  need 
only  set  the  pressure  limit,  inspired  oxygen  concentration, 
and  end-expiratory  pressure  level.  Frequency,  tidal  vol- 
ume, inspiratory-to-expiratory-time  ratio,  and  flow  are 
jointly  controlled  by  the  patient  (effort  and  impedance) 
and  the  \entilator"s  PSV  algorithm.  The  latter  can  often 
explain  the  changes  in  patient  comfort  obser\ed  w  hen  us- 
ing different  ventilators  to  provide  PSV. 


See  The  Original  Study  on  Page  1048 


In  this  issue.  Yamada  and  Du  report  the  results  of  a 
laboratory  comparison  of  3  ventilators  in  the  pressure  sup- 
port mode. '  Their  results  suggest  that,  under  changing  sim- 
ulated patient  demand  and  variable  compliance  and  resis- 
tance, patient-ventilator  synchrony  can  be  adversely 
affected  by  the  ventilator's  algorithm.  This  finding  is  not 
unexpected,  but  requires  some  understanding  of  ventilator 
breath  delivery  characteristics  to  make  sense. 

Every  breath  has  a  trigger  (switches  the  ventilator  from 
expiration  to  inspiration),  limit  (constant  variable  that  does 
not  cause  inspiration  to  end),  and  cycle  (switches  the  \en- 
tilator  from  inspiration  to  expiration)  variable.  By  defini- 
tion, PSV  is  a  patient-triggered,  pressure-limited,  flow- 
cycled  mode  of  ventilatory  support.  Another  variable  in 
the  PSV  breath  is  the  speed  at  which  the  ventilator  reaches 
the  pressure  limit.  In  some  ventilators  this  attack  rate  or 
rise  time  is  pre-set,  in  others  it  is  adjustable,  and  in  others 
it  can  automatically  adjust  to  increases  or  decreases  in 
patient  demand.-  With  respect  to  the  work  of  breathing, 
the  fastest  trigger  and  the  fastest  attack  rate  provide  the 
lowest  measured  work  of  breathing.  This  is  particularly 
true  in  a  lung  model.  In  patients,  when  more  complex 
timing  issues  are  involved  (ventilatory  drive  and  stretch 
receptors),  fastest  may  not  always  be  best.-"*  '' 

The  cycle  variable  is  typically  a  percentage  of  the  initial 
inspiratory  flow  or  a  pre-set  terminal  flow.  When  PSV  was 
introduced,  all  ventilators  cycled  the  PSV  breath  when 
inspiratory  flow  decayed  below  25%  of  the  initial  peak 
flow.  Since  that  time,  numerous  flow  percentages  and  ter- 
minal Hows  have  been  used.  In  the  Yamada  and  Du  study. 


Fig.  1 .  A  single  pressure  support  breath  (1 5  cm  H2O)  delivered  with 
the  Nellcor  Puritan  Bennett  7200ae.  Arrows  on  the  flow  and  pres- 
sure signals  demonstrate  that  the  breath  is  pressure-cycled.  Pres- 
sure exceeds  the  set  pressure  by  >1 .5  cm  H2O;  upon  cycling,  the 
flow  is  18  L/min  (criterion  is  5  Umin). 
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Fig.  2.  Pressure  and  flow  tracings  during  pressure  support  ventilation,  with  the  Nellcor  Puritan  Bennett  7200ae  demonstrating  pressure 
cycling. 


both  the  Nellcor  Puritan  Bennett  7200ae  (NPB7200ae)* 
and  the  Siemens  300  were  u.sed.  The  How  cycle  criteria  for 
these  ventilators  are  5  L/min  and  59^  of  peak  flow,  respec- 
tively. The  third  ventilator,  the  Newport  Wave  E200,  uses  an 
automatic  adjustment,  based  on  flow  and  inspiratoi^  time. 

The  PSV  cycle  variable  can  affect  patient-ventilator  syn- 
chrony by  causing  a  neural-mechanical  dyssynchrony.  This 
is  most  often  seen  as  the  patient  trying  to  exhale  before  the 
ventilator  has  reached  the  flow  cycle  variable  (Figs.  1  & 
2).  This  is  evidenced  by  the  pressure  spike  at  the  end  of 
inspiration  and  calculation  of  the  flow  at  which  cycling 
occurs  (much  higher  than  5  L/min).  In  our  experience,  this 
is  a  common  finding  during  PSV  with  the  NPB7200ae. 
This  prolonged  inspiratory  time  can  also  cause  the  patient 
to  attempt  an  inspiration  during  the  ventilator's  inspiratory 
phase.  This  is  masked  by  the  positive  pressure  breath, 
prevents  triggering,  and  I'uilher  contributes  to  patient-\en- 
tilator  synchrony. 

As  a  partial  remedy  to  this  problem,  manufacturers  have 
developed  additional  cycle  criteria  to  the  PSV  breath.  For 
the  NPB7200ae.  these  include  an  inspiratory  time  >  5.0 
seconds  or  a  pressure  1.5  cm  HiO  above  the  set  pressure 
limit.  This  allows  the  patient  to  exhale  and  cycle  the  breath, 
but  requires  active  exhalation.  Each  of  these  cycle  vari- 
ables is  functional  during  every  breath.  So  while  we  con- 
sider the  'siinplicity"  of  a  PSV  breath,  we  should  consider 
that  each  breath  may  be  cycled  by  any  of  the  .^  \  ariables — 
flow.  time,  or  pressure. - 

Where  does  this  leave  our  perception  of  the  simplicity 
of  PSV?  We  flrmly  believe  that  the  adjustment  of  rise  time 
can  improve  patient-ventilator  interaction.  Appropriate  trig- 
ger setting  is  also  obviously  important.  We  believe  the 


♦Suppliers  orcomnicixial  |inKlin.ls  .irc 
scclinn  al  \hc  ciul  ol  ihf  icM. 
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cycle  variable  is  less  important  in  most  cases,  but  in  select 
cases  adjusting  rise  time  and  flow  cycle  together  may  be 
useful.  Theoretically,  the  clinician  could  have  the  choice 
of  setting  trigger  (flow,  pressure,  volume,  impedance,  mo- 
tion), rise  time,  and  any  of  3  cycle  variables  (flow,  time, 
pressure).  In  fact,  .several  ventilators  have  the  ability  to 
adjust  rise  time  (Bear  1000,  Healthdyne  Quantum,  Dragcr 
Evita  4  and  Dura,  Siemens  300,  and  Hamilton  Galileo)  and 
some  are  able  to  adjust  the  flow  cycle  variable  (Bear  3, 
Hamilton  Galileo).  Certainly,  this  greater  flexibility  will 
aid  in  improving  patient-ventilator  synchrony.  Unfortu- 
nately, this  will  come  at  the  expense  of  "simplicity."  As  an 
aside,  our  experience  with  these  techniques  is  that  adjust- 
ing ri.se  time  is  more  important  than  the  cycle  variable  and 
that  changing  the  cycle  variable  is  rarely  useful  unless  the 
rise  time  is  flrst  optimized. 

The  paper  by  Yamada  and  Du  demonstrates  the  differ- 
ence between  certain  ventilators  in  the  PSV  mode.  Like 
any  evaluation  of  a  single  ventilator  function,  care  should 
be  taken  in  applying  the  results  to  clinical  practice.  Lung 
inodel  studies  are  critical  to  our  understanding  of  ventila- 
tor operation.  However,  patient-ventilator  interactions  are 
much  more  complex,  incorporating  neural  input,  muscle 
strength,  airway  caliber,  and  pulmonary  stretch  receptors. 
Whether  or  not  the  same  results  might  be  seen  clinically 
can  only  be  determined  by  patient  studies. 

Lastly,  the  methodology  of  reporting  "response  lime'  in 
this  paper  is  considerably  different  than  what  has  been 
done  previously,-"  With  the  apparent  concern  regarding 
response  time  shown  by  clinicians  and  the  representation 
of  response  time  by  manufacturers,  perhaps  the  time  has 
come  for  experts  to  deflne  response  lime.  Battling  over 
terminology  is  a  painful,  plodding  process,  but  it  may  help 
clinicians  make  more  inlormed  decisions  related  to  venti- 
lator purchases.  1 1  you  are  buying  a  \enlilator  based  on  the 


1046 


Risi'iRAioR'!'  C'ari;  •  Di;ci;mhi:r  "98  Vol  43  No  12 


PSV,  Patient-Ventilator  Synchrony,  and  Ventilator  Alookiiiims 


reporlecl  response  time  by  the  inaiuiraeturer.  you  need  to 
ie-e\ aluale  priorities. 

Richard  I)  Branson  RRT 
Robert  S  Campbell  RRT 

Department  of  Surgery 

University  of  Cincinnati 

Cincinnati.  Ohio 
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Effects  of  Different  Pressure  Support  Termination  on 
Patient- Ventilator  Synchrony 

YoshitsLiszLi  Yamada  MD  and  Hone-Lin  Dii  MD 


BACKGROUND:  In  pressure  support  ventilation  (PSV),  ventilators  terminate  their  flow  when  the 
inspiratory  flow  decays  to  a  certain  flow  (IIom  criteria)  or  when  the  airway  pressure  rises  a  certain 
amount  ahove  the  set  pressure  support  level  (pressure  criteria).  There  are  significant  differences  among 
intensive  care  unit  \entilators  in  regard  to  these  termination  criteria.  PURPOSE:  In  this  adult  simula- 
tion stud> ,  we  investigated  if  the  termination  criteria  used  in  intensive  care  unit  ventilators  affect  the 
I  patient-ventilator  synchrony  in  the  transition  to  exhalation.  MFyPHODS:  A  two-compartment  lung 
model  was  used  to  simulate  spontaneous  hreathing  of  the  patient  with  high  demand  (peak  flow  of  60 
L/min)  or  low  demand  (peak  flow  of  30  L/niin).  Three  ventilators  with  difl'erent  flow  criteria  and 
pressure  criteria  in  the  inspiratory  termination  were  alternately  attached  to  the  test  lung:  the  Nellcor 
Puritan  Bennett  720()ae  (NPB7200ae).  the  Siemens  Servo300  (S\'300),  and  the  Newport  \\a\e  E200 
(P3200).  During  testing,  the  PSV  level  v^as  set  at  10  cm  11,0  with  positive  end-expiratory  pressure  of  0 
or  5  cm  H,().  The  termination  delay  time,  termination  type,  inspiratory  muscle  work,  plateau  and  peak 
inspiratory  pressures,  and  inspiratory  area  percent  were  measured.  The  tests  were  conducted  at  the 
compliance  of  20.  40.  and  80  niL/cm  H,0.  with  a  resistor  of  R5  or  R2().  Rf:SULTS:  In  most  of  the 
experimental  settings,  all  three  ventilators  terminated  their  flow  within  0.1  second  before  or  after  the  end 
of  the  'patient"  inspiratory  effort.  In  the  T'ntit'nt'  with  long  time  constant,  termination  criteria  in  the 
SV300  delajed  the  inspiratory  termination  b>  0.5  second.  In  all  settings  in  the  NPB7200ae  and  some 
settings  in  the  E200.  the  ventilator  flow  was  terminated  b>  the  pressure  criteria,  not  by  the  flow  criteria. 
The  NPB7200ae  showed  pressure  undershoot  during  the  first  half  of  the  inspiration  and  required  the 
highest  patient  work  in  all  settings,  especially  at  high  patient  demand.  In  the  SV300,  the  actual  support 
level  was  higher  than  the  set  level.  Its  peak  inspirator)  airwa>'  pressure  was  also  the  highest  among  the 
three  ventilators.  There  was  a  trigger  dyssynchronv  in  the  E200  at  high  demand  with  high  resistance/ 
high  compliance.  CONCLUSION:  In  most  settings,  the  termination  criteria  used  in  PSV  in  the  three 
ventilators  provided  a  relatively  reasonable  patient-ventilator  synchrony  in  the  transition  to  exhalation. 
The  marked  dela>  in  the  v  entilator  inspiratory  termination  may  occur  under  the  conditions  of  long  time 
constant  w  ith  low  demand  in  the  SV300.  w  hich  resulted  mainly  from  the  combination  of  the  inappropriate 
pressure  criteria  and  flow  criteria.  [Respir  Care  |y'-)!S;43(  12):  1()4S-1()?7|  Kc\  wcnls:  iiicclhiniciil  wiuiUi- 
liiiii.  iiicssuir  support,  work  of  Ivnithinii.  veulihilors.  pdlic'iil-vciilildlor  wncliroiiy. 


Background  veniilatdr  iiispiraloiy  teniiiiiaiioii  tliiiiiig.'  Studies  on  the 

veiililator  trigger  response  and  the  piessiire  lise  rate  in 

Pressure  support  \enlilation  (PSV)  has  been  one  of  the 

most  frequently  applied  modes.  There  are  several  factors 

that  determine  the  performance  of  PSV:  ventilator  trigger 

response,  pressure  rise  rate  (or  slope)  upon  trigger,  and 


See  The  Related  Editorial  on  Page  1045 


PSV  have  clearly  show  n  the  importance  of  their  roles  in 
decreasing  the  patient  work  o\  hreathing  and  improving 


Dr  Yamada  is  assdCKilccI  wiili  iIk-  Siirjual  CVnlcr.  IIil'  Insuiulf  ot  Ntcci- 
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pailnK-nl  ol  Ancslhcsii)l()j;y.  Facuilv  i>l  MciIiciik-.  (inncisils  (it  lukyn  roiicspniulcncc  &  Reprinls:  Yoshltsugii  YaniaiJa  MD.  Surgical  Ccnicr. 
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palicnt-\cntilator  synchronv.-  "  It  has  been  siiyijesled"  that 
\eniilator  inspiratory  termination  may  also  be  important; 
Premature  termination  may  increase  inspiratory  muscle 
work,  and  delayed  termination  may  increase  the  load  on 
expiratory  muscles.  In  a  lung  model  study.  Bunburaphong 
et  al**  evaluated  expiratory  delay  time  in  nine  noninvasive 
pressure  ventilators  together  with  one  intensive  care  unit 
(ICU)  ventilator.  They  demonstrated  that  there  were  great 
differences  in  the  termination  delay  time  among  the  non- 
invasive pressure  ventilators.  With  regard  to  ICU  ventila- 
tors. Maclntyre  and  Ho-^  evaluated  the  termination  criteria 
at  2.'^%  and  509^  of  peak  flow  and  found  that  changing 
termination  criteria  in  PSV  from  507c  to  259^  of  peak  flow 
had  minimal  effect  on  the  ventilatory  pattern  or  patieiit- 
\entilator  synchrony  in  clinically  stable  patients  using  a 
modified  Bear-3  ventilator.* 

There  are  two  primary  methods  to  terminate  the  venti- 
lator flow  delivery  in  ICU  ventilators  during  PSV:  flow 
criterion  and  pressure  criterion.  As  regards  the  flow  or 
pressure  level  at  which  the  ventilator  flow  is  terminated, 
significant  differences  exist  among  ICU  ventilator  manu- 
facturers and  even  among  different  model  ventilators  of 
the  same  manufacturer.'' '"  By  flow  criteria,  ventilator  flow 
will  be  terminated  when  the  inspiratory  flow  has  decayed 
to  a  certain  flow.  This  flow  can  be  either  a  fixed  absolute 
flow  (eg.  5  L/min  in  the  Nellcor  Puritan  Bennett  7200  and 
4  L/min  in  the  Infrasonics  Adult  Star),  a  fixed  rate  based 
on  the  peak  inspiratory  flow  (eg,  57c  of  peak  inspiratory 
flow  in  the  Siemens  Servo300  and  257c  of  peak  inspira- 
tory flow  in  the  Siemens  Servo  900  and  Bird  8400ST). 
or  variable  termination  flow  based  on  both  peak  inspira- 
tory flow  and  the  elapsed  inspiratory  time  (T,)  (such  as 
in  the  Newport  Wave  E200).  By  pressure  criteria,  the 
ventilator  flow  is  terminated  when  the  airway  pressure 
rises  a  certain  amount  above  the  set  pressure  support 
level.  This  pressure  criteria  above  the  set  pressure  level 
can  be  -F1.5  cm  H^O  (in  the  Nellcor  Puritan  Bennett 
7200  [NPB7200ae]).  +2,0  cm  H.O  (in  the  Newport 
Wave  E200  [E200]),  4-3.0  cm  H,0  (in  the  Siemens 
Servo  900),  or  +20  cm  H-,0  (in  the  Siemens  Servo300 
[SV300]).  Until  now.  there  has  been  no  objective  e\i- 
dence  as  to  whether  these  different  termination  criteria 
affect  the  patient-ventilator  synchrony.  Moreover,  it  also 
was  not  known  if  the  patient-ventilator  synchrony  using 
each  termination  criterion  was  affected  by  patient  char- 
acteristics, because  patient  mechanics  (eg.  resistance 
and  compliance)  may  exert  influence  on  the  airway  flow 
change  during  the  inspiratory  phase. 


I'urpo.se 

The  puipose  of  this  study  was  to  investigate,  under  dif- 
ferent combinations  of  respiratory  resistance  and  compli- 
ance, whether  the  termination  criteria  used  by  ICU  venti- 
lators affect  the  patient-ventilator  synchrony  in  the 
transition  to  exhalation  in  an  adult  lung  model.  The  pa- 
tient-ventilator synchrony  was  evaluated  by  the  termina- 
tion delay  time  (ie.  time  from  the  end  of  the  "patient" 
inspiratory  effort  to  the  end  of  ventilator  inspiratory  flow). 
Since  the  termination  of  the  inspiration  may  be  affected  by 
a  ventilator's  control  of  the  flow  delivery  during  inspira- 
tion with  the  same  termination  criteria,  the  performance 
characteristics  of  the  ventilators  during  the  inspiratory  phase 
were  evaluated  as  well.  The  NPB7200ae.  the  SV300.  and 
the  E200  were  used  to  represent  xentilators  with  different 
termination  criteria. 


Methods 


Model 


Spontaneous  breathing  was  simulated  using  a  two-coin- 
partment  mechanical  lung  model  (Michigan.  TTL  model 
1600)  (Fig.  1).  The  left  side  of  the  lung  model  was  con- 
nected to  the  tested  ventilator;  the  right  side  was  connected 
to  and  driven  by  a  Bear-5  ventilator  using  a  sinusoidal 
flow  wave  pattern.  The  model  in  this  study  differs  from 
that  used  by  other  researchers."'-  in  that  it  used  a  metal 
connector  to  completely  connect  both  sides  of  the  model. 
This  connection  allowed  the  two  compartments  to  behave 
like  compliances  in  series.  Because  of  this  connection,  if 
the  flow  termination  of  the  tested  ventilator  comes  after 
the  end  of  the  inspiration  of  the  driving  lung,  the  elastic 
recoil  force  from  the  driving  lung  impacts  the  tested  lung 
and  causes  an  airway  pressure  elevation.  This  model  sim- 
ulates the  interactive  relationship  between  a  ventilator  and 
a  patient  who  does  not  exhibit  active  expiratory  effort. 
When  the  compliance  of  the  driving  side  lung  is  set  to  the 
chest  wall  compliance,  the  pressure  in  the  driving  side 
lung  during  the  driving  phase  can  be  taken  as  the  inspira- 
tory muscle  pressure.  The  integration  of  the  volume  change 
and  pressure  change  during  the  driving  phase  is  taken  as 
the  work  of  inspiratory  muscles  (Wmus)."'"'  After  the 
driving  phase,  the  pressure  or  flow  information  of  the 
driving  side  in  this  model  cannot  be  used  for  analysis  of 
the  Wmus  because  the  driving  compartment  at  this  time 
communicates  with  the  atmosphere  through  the  open  ex- 
halation valve  of  the  driving  sentilator. 

Setup 


'Suppliers  (it  comniciclal  piodiicls  are  idenlirieJ  in  the  Pioduel  Sourees 
sectiiiii  al  ihe  eiul  ol  ilie  text. 


The  compliance  of  the  driving  lung  was  set  at  200  mL/cm 
H^O  to  simulate  chest  wall  compliance.  A  hot  wire  flow 
transducer  (Minato.  Model  RF-L)  and  a  pressure  trans- 
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Fig.  1.  Schematic  representation  of  the  lung  model. 


ducer  (Heise,  90 1  A)  were  connected  to  the  inlet  of  tiie 
driving  lung.  The  left  lung  (tested  lung)  wa.s  connected  to 
each  of  the  tested  ventilators  through  a  standard  adult 
breathing  circuit  with  no  humidifier  attached  (circuit  com- 
pliance =  0.98  niL/cm  HiO).  The  pressure  and  flow  at  the 
airway  opening  were  measured  by  the  same  types  of  trans- 
ducers that  were  used  at  the  driving  side.  The  signals  of 
pressure  and  flow  transducers  at  both  the  driving  side  and 
tested  side  were  digitized  at  100  Hz  and  recorded  on  a 
computer  recorder  (Data  Translation,  DT2831).  To  simu- 
late the  respiratory  system  resistance,  a  parabolic  resistor 
of  R5  or  R20  was  placed  between  the  tested  lung  and  the 
breathing  circuit.  The  compliance  of  the  tested  lung  was 
adjusted  to  20.  40,  or  80  (C2(),  C4(),  or  C8())  niL/cm  H,0. 
With  the  T|  set  to  1.0  second,  the  peak  flow  of  the  Bear-5 
ventilator  was  adjusted  to  provide  the  peak  inspiratory 
flow  of  30  L/min  and  60  L/min  at  the  airway  opening  of 
the  tested  side  when  the  tested  lung  was  not  connected  to 
a  ventilator.  These  flow  rates  simulated  low  and  high  pa- 
tient inspiratory  efforts.  During  the  evaluation  of  the  tested 
ventilators,  the  3  tested  ventilators  set  in  the  spontaneous 
mode  were  connected  to  the  tested  lung  alternately.  The 
positive  end-expiratory  pressure  (PEEP)  was  set  at  0  or  5 
cm  HiO  and  pressure  support  was  set  at  10  cm  H,(). 
Pressure  trigger  of  -0.5  cm  H^O  was  used  in  all  3  venti- 
lators. In  the  SV3()0.  the  inspiratory  rise  time  was  adjusted 
to  \%.  In  the  E2()(),  the  bias  flow  was  set  at  ."^  L/min,  as 


recommended  by  its  operating  manual.'^  The  4  transduc- 
ers used  in  the  study  (2  for  pressure  and  2  for  flow)  were 
calibrated  immediately  before  the  experiment  with  a  cal- 
ibration analy/cr  (Allied  Healthcare  Products.  RT2()()). 

Measurements  and  Data  Analysis 

The  following  parameters  were  measured  from  the  com- 
puter records:  termination  delay  time  and  termination  type, 
Wmus  expressed  as  J/L  during  the  driving  phase  at  the 
driving  side,  plateau  and  peak  inspiratory  pressures  at  the 
tested  side,  and  inspiratory  area  percent  (Area-l'r)  of 
the  pressure  at  the  tested  side. 

The  termination  delay  time  was  defined  as  the  time 
between  the  end  of  the  inspiration  of  the  BtiAR-5  and  the 
return  of  the  inspiratory  flow  of  the  tested  ventilator  to 
zero  (Fig.  2).  The  end  of  the  inspiration  of  the  Bear-5  was 
calculated  as  follows:  The  inspiratory  onset  of  the  Bieak-5 
during  each  test  was  read  from  the  flow  waveform  of  the 
driving  compartment;  the  T,  of  the  Bear-5  was  measured 
from  the  flow  waveform  of  the  driving  compartment  when 
no  tested  ventilator  was  attached  to  the  tested  lung  com- 
partment (the  variation  of  the  T,  of  the  Bear-5  was  con- 
firmed to  be  <  20  millisecond  in  all  experimental  settings 
in  the  preliminary  experiments):  and  liming  of  the  end  of 
the  nispnaiion  of  the  Bi:ak-5  when  a  tested  \entilator  was 
being  c\alualcd  was  then  Bi.ar-5"s  inspiratory  onset  tim- 
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Fig.  2.  Calculations  of  ttie  termination  delay  time  and  ttie  inspira- 
tory area  percent  of  airway  pressure.  The  termination  delay  is 
defined  as  the  time  between  the  end  of  the  inspiration  of  the  drive 
ventilator  (c)  and  the  return  of  the  inspiratory  flow  of  the  tested 
ventilator  to  zero  (d).  The  mandatory  inspiration  of  the  drive  ven- 
tilator starts  at  "a"  and  lasts  for  the  duration  of  "b."  which  is  taken 
Vi/hen  no  ventilator  is  connected  to  the  tested  lung.  The  inspiratory 
area  percent  of  airway  pressure  is  the  ratio  of  the  line-shaded 
areas  (Area-I,  the  areas  of  the  pressure-time  tracing  above  and 
below  baseline  during  the  inspiration)  to  the  dot-shaded  rectangle 
area  (ideal  area). 

ing  plus  Be.ar-5"s  T,.  To  identify  whether  the  ventilator 
flow  was  terminated  by  the  flow  criterion  or  pressure  cri- 
terion, the  time  point  when  the  airway  pressure  at  the 
tested  side  reached  the  pressure  criterion  level  was  read. 
The  pressure  criterion  level  w  as  taken  as  11 .5  cm  H^O 
above  PEEP  in  the  NPB7200ae.  30.0  cin  H^O  above  PEEP 
in  the  SV300.  and  12.0  cm  H,0  above  PEEP  in  the 
E200.''- '"■ ' "^  The  patient  airway  flow  at  this  time  point  was 
measured  and  compared  with  the  flow  criterion.  If  it  was 
higher  than  the  flow  criterion,  the  inspiration  was  thought 
to  be  terminated  by  the  pressure  criterion:  otherwise,  the 
inspiration  was  considered  to  be  terminated  by  the  flow 
criterion.  The  inspiration  was  always  considered  to  be  ter- 
minated by  the  flow  criterion  if  the  airway  pressure  never 
reached  the  pressure  criterion  level  during  inspiration. 

The  Wmus  was  calculated  as  the  integral  of  the  pressure 
at  the  driving  side  with  regard  to  the  volume  at  the  tested 
side  during  the  driving  phase.  The  volume  at  the  tested 
side  was  obtained  by  integrating  the  flow  signal  of  the 
tested  side  over  time.  The  intention  of  using  the  volume  at 
the  tested  side  (instead  of  using  the  volume  at  the  driving 
side)  in  the  calculation  of  the  Wmus  was  to  simulate  a 
clinical  situation  and  to  eliminate  the  effect  of  the  com- 


pressed \i)lLimc  in  tlic  model.  TIk'  plateau  iiispiiatoiy  air- 
way pressure  at  the  tested  side  was  read  if  the  airway 
pressure  did  not  change  0.5  cin  H^O  within  a  ISO-milli- 
second period  during  the  inspiratory  phase.  The  Aivd-Wt 
was  calculated  using  the  method  introduced  by  Bunbura- 
phong  et  al.'*  The  Aren-Wc  was  the  ratio  of  the  area  of  the 
pressure-time  tracing  above  and  below  baseline  during  the 
dri\ing  phase  at  the  tested  side  to  the  ideal  area  (Fig.  2). 
The  ideal  area  was  defined  as  the  rectangle  created  by  T, 
and  the  maximal  pressure  at  the  tested  side  abo\e  the 
baseline  pressure. 

All  pressure  values  in  this  study  are  presented  as  \alues 
above  PEEP.  Three  breaths  were  analyzed  for  each  exper- 
imental setting  after  a  2-min  stabilization  period.  Because 
all  parameters  among  the  three  breaths  showed  negligible 
\ ariation.  only  mean  values  are  presented  in  this  report. 

Results 

Ventilator  Inspiratory  Termination  (Table  1) 

All  three  ventilators  terminated  their  flow  delivery  w  ithin 
0.1  second  before  or  after  "patient'-stopped  inspiratory 
effort  in  most  experimental  settings.  The  termination  was 
delayed  by  0.5  seconds  in  the  SV300  in  the  'patient'  with 
long  time  constant  (R2(),  C80)  and  low  inspiratory  effort 
(peak  inspiratory  flow  =  30  L/min)  (Fig.  3).  The  inspira- 
tion in  the  NPB7200ae  was  always  terminated  by  its  pres- 
sure criterion,  while  inspiration  was  terminated  by  the  flow 
criterion  in  the  SV300.  In  the  E200,  if  the  "patient"  de- 
mand was  low,  inspiration  was  terminated  by  its  flow 
criterion,  but  it  was  terminated  either  by  its  flow  criterion 
or  by  its  pressure  criterion  in  the  high-demand  "patient." 
The  termination  delay  is  not  consistently  affected  by  PEEP; 
however,  administration  of  PEEP  slightly  prolonged  the 
termination  delay  time  when  airway  resistance  was  high 
(R20)  in  most  of  the  settings  in  all  ventilators. 

Tiie  Worlt  of  the  Inspiratory  Muscles  (Table  2) 

The  Wmus  in  the  NPB72()()ae  was  always  liighei'  than 
that  in  the  other  2  ventilators.  The  Wmus  in  the  SV3()0 
was  the  lowest  ainong  the  3  ventilators,  although  the  dif- 
ferences between  the  SV300  and  the  E200  were  negligible. 

Plateau  Inspiratory  Pressure,  Peal\  Inspiratory 
Pressure,  and  Inspiratory  Area  Percent  (Tables  3-5) 

The  NPB7200ae  consistently  displayed  an  undershoot 
of  airway  pressure  during  the  first  half  of  inspiration,  es- 
pecially in  high-demand  conditions  (peak  inspiratory 
flow  =  60  L/min)  (Figs.  3  &  4).  The  significant  pressure 
undershoot  waveform  in  high-demand  conditions  in  the 
NPB7200ae  did  not  allow  a  stable  plateau  pressure  segment 
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meeting  our  plateau  pressure  definition.  When  comparing 
the  plateau  inspiratory  pressure  with  the  target  pressure 
level  (10  cm  H^O  above  PEEP),  the  plateau  pressure  was 
1-2  cm  H,0  lower  in  the  NPB72()()ae  and  1-2  cm  H,0 
higher  in  the  S'V30{)  than  the  target  pressure.  The  under- 
shoot airway  pressure  in  the  NPB72()()ae  also  resulted  in 
the  lowest  Area-I  %  among  the  3  ventilators.  In  the  con- 
dition of  high  demand  (peak  inspiratory  flow  =  60  L/min) 
with  long  time  constant  (R2(),  CSO).  the  E200  showed  a 
double-cycled  pressure  waveform  becau.se  of  the  initial 
pressure  overshoot  (Fig.  4).  This  double-cycled  waveform 
cau.sed  a  low  Area-1%  in  this  condition  in  the  E200.  Sim- 
ilar to  the  differences  of  plateau  pressure  among  the  three 
ventilators,  the  peak  inspiratory  airway  pressure  was  al- 
ways the  highest  in  the  SV30().  followed  by  the  E2()()  and 
then  the  NPB72()()ae.  The  peak  inspiratory  pressure  be- 
came elevated  as  the  resistance  increased  and  the  compli- 
ance decreased.  It  was  as  high  as  12  cm  H^O  above  the 
target  pressure  in  R2().  C20  widi  high-demand  condition  in 
the  SV3()(). 

Discussion 

Our  results  dcmonsiraled  Ihal  in  most  of  the  cxpeiimen- 
tal  settings,  all  3  \entilators  thai  we  tested  terminated  then 
How  in  P.SV  within  0.1  second  before  or  after  the  end  ol 
the  "patient"  inspiratory  effort,  suggesting  a  relatively  rea 
sonable  patient-ventilator  synchrony  in  (he  transition  In 
exhalation.   In  the  low-deniainl   'palieni'   with   long  lime 


constant  (R20.  CSO).  termination  criteria  in  the  SV300 
delayed  the  ventilator  inspiratory  termination  by  0..^  sec- 
onds (Table  I,  Fig.  3).  In  all  settings  in  the  NPB72()0ae 
and  in  some  settings  in  the  E200.  inspiration  was  termi- 
nated by  the  pressure  criteria  instead  of  flow  criteria. 

In  order  for  airway  pressure  to  remain  at  the  target  level 
during  the  inspiration  of  PSV.  ventilators  decrease  their 
How  as  the  patient  effort  decreases.  With  an  ideal  pressure 
control  system,  in  order  to  maintain  the  target  pressure 
level,  the  ventilator  tlow  would  be  0  when  the  patient 
completely  stops  his  effort.  Therefore,  the  tlow  criterion  of 
the  inspiratory  termination  in  an  ideal  pressure  control 
sysieni  would  be  set  close  to  0  L/min.  In  reality,  however. 
iherc  are  inherent  delays  in  the  pressure  control  feedback 
loo|i.  and  Ihe  pressure  control  algorithm  more  or  less  lacks 
precision  in  all  ventilators.  As  a  result,  in  onler  to  lermi- 
nalc  llieir  flow  lo  synchronize  with  the  patient,  coniineivial 
venlilalors  are  designed  lo  have  a  termination  flow  of 
slightly  higher  than  0  L/min.  The  ventilators  are  designed 
to  terminate  their  flow  when  the  inspiratory  flow  drops  to 
either  a  li\ed  How  (eg.  5  L/min  in  the  NPB72()()ae).  a 
percentage  of  (he  peak  delivered  How  (eg,  5'/(  in  the  SV3()0), 
or  a  variable  termination  flow  (eg,  in  the  E2()()). 

In  addition  (o  termination  of  flow  according  to  these 
How  criteria,  the  ventilators  also  terminate  their  flow  by 
the  piessiiie  criteria  (ie.  when  airway  pressure  reaches  \.5 
cm  ll,()  above  the  targe(  pressure  level  in  the  NPB72()()ae. 
21)  cm  ll,()  above  (he  (arge(  pressure  level  in  the  .SV300. 


1052 


Ri:,si'iRAToin'  Caki:  •  Di:ci:mbi:k  "98  Voi  4.^  No  12 


Effects  of  Pressure  Support  Ti:rmination  on  Patient-Ventilator  SvNcfiRONY 


SV300 


< 


I  second 

Fig.  3.  The  pressure  waveforms  in  low  demand.  Patient  demand:  30  LVmin;  compliance:  80  mL/cm  H2O;  resistance:  R5  (upper)  and  R20 
(lower).  NPB7200  =  Nellcor  Puritan  Bennett  7200ae:  SV300  ---  Servo  300;  E200  =  Wave  E200. 


or  2.0  cm  H^O  above  the  target  pres.siire  level  in  the  E200). 
These  pressure  criteria  serve  as  a  backup  measure  to  the 
flow  criteria.  The  results  in  our  study  showed  that  the 
pressure  criteria  in  the  SV300  (20  cm  H-,0  above  the  target 
pressure)  did  not  activate  termination  in  any  setting:  The 
ventilator  flow  was  terminated  by  the  flow  criterion.  This 
may  partly  explain  why  the  peak  inspiratory  airway  pres- 
sure in  the  SV30()  can  be  as  high  as  12  cm  H.O  above  the 
target  pressure  (Table  4).  The  fact  that  inspiration  in  the 
NPB7200ae  was  always  terminated  by  the  pressure  crite- 
rion suggests  that  the  flow  criterion  of  5  L/min  used  in  the 
NPB72()Oae  is  not  high  enough  to  terminate  its  flow  at 
the  proper  time  at  the  applied  settings.  In  other  words,  the 
flow  criterion  of  5  L/inin  in  the  NPB7200ae  has  not  func- 
tioned in  the  ventilator  inspiratory  termination.  Because 
the  termination  in  the  NPB7200ae  was  not  markedly  de- 
layed even  though  the  ventilator  flow  was  always  termi- 
nated by  the  pressure  criterion,  it  can  be  inferred  that  the 
pressure  criterion  in  the  SV300  is  the  major  reason  for  the 
signiflcant  termination  delay  that  occurred  in  the  SV300. 
The  termination  delay  in  the  SV300  may  also  be  attributed 
to  the  lower  flow  criterion  because  the  highest  peak  flow 
recorded  in  the  SV300  study  was  76  L/min  (which  was 
converted  to  3.8  L/min  of  flow  criterion  in  ventilator  in- 
spiratory termination). 


In  the  E20(),  ventilator  flow  was  terminated  by  the  flow 
criteria  without  signiflcant  delay  or  prematurely  in  low- 
demand  conditions.  This  indicates  that  relating  the  flow 
criteria  with  the  elapsed  T,  in  addition  to  peak  flow  may 
result  in  better  patient-ventilator  synchrony  than  using  only 
peak  flow.  In  the  E200.  termination  is  based  on  the  fol- 
lowing equation:  termination  flow  =  (a  -F  jS  X  TI)  X  PF'*'. 
where  TI  is  the  elapsed  T,  from  the  onset  of  the  ventilator 
flow,  PF  is  the  peak  inspiratory  flow,  and  a.  (5.  and  y  are 
constants.!  With  this  flow  criterion,  the  longer  the  elapsed 
T|.  the  higher  the  termination  flow  criteria,  and  vice  versa. 
This  might  compensate  the  slower  decay  of  the  inspiratory 
flow  at  long  time  constant  and  low  demand.  In  the  high 
demand,  this  compensation  with  the  elapsed  T,  is  not 
enough,  as  demonstrated  by  the  pressure-cycled  breath  at 
high  demand  and  high  resistance  in  the  E200. 

Jubran  and  co-workers  have  studied  the  effect  of  PSV  in 
chronic  obstructive  pulmonary  disease  patients. ""  In  their 
study,  they  ventilated  chronic  obstructive  pulmonary  dis- 
ease patients  with  PSV  by  use  of  the  Servo  900C  ventila- 
tor. As  a  result,  the  patients  with  higher  time  constants 
displayed  lower  bounds  of  expiratory  pressure  time  piod- 


tPersonal  communication.  Cyndy  Miller  RRT,  Newporl  Medical  Instru- 
ments inc.  Costa  Mesa  CA. 
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Inspinildi)  Muscle  Work  (in  J/Ll  lor  Three  Pressure  Supporl  Veiuikilors  Set  at  Poslii\e  Enii- 
Expir;ilor\  Pressure  ol  (1  or  5  em  H,0  (PEEP-O  or  PEEP-3)  anJ  Tested  at  Compliance  of  20.  40. 
or  80  (C20.  C4().  C80)  and  Parabolic  Resistance  of  .S  or  20  lR.«i.  R2()). 


High  Demand  (60  L/tiiin) 

Low  Demand  (30  L/min) 

NPB7200 

SV300 

E200 

NPB7200 

SV300 

E200 

PEEP-O 

R5.  CSO 

1.14 

0.R7 

0.89 

0.24 

0.05 

0.08 

R.S.  C4() 

1,51 

1.25 

1.32 

0.46 

0.25 

0,30 

R.^.  C2() 

3.0.^ 

2.7S 

2.SS 

1.37 

1.03 

1,08 

R20.  CSO 

2.6.^ 

2.33 

2.63 

0.52 

0.30 

0,35 

R20.  C40 

3.1.^ 

3.00 

3.10 

0.78 

0.55 

0.66 

R20.  C20 

3.67 

3.53 

3.61 

1.69 

1.48 

1.49 

PEEP-5 

R.S.  CSO 

0.')2 

0.6S 

0.64 

0.07 

0.02 

0.03 

R?.  C40 

1.33 

1.09 

1 .06 

0.28 

0.18 

0.21 

R.";.  C20 

2.S2 

2.61 

2.61 

1.08 

O.Sl 

0,94 

R20.  CSO 

2.7.5 

2.51 

2.71 

0.37 

0.23 

0,32 

R20.  C4() 

2.9.5 

2.S5 

2.90 

0..54 

0.42 

0,51 

R20.  C2() 

3.61 
ng  model  wa-s  used  u 

3.46                   3.57 
)  simulate  spontaneous  breatlling  of  patients  « 

1.38 
/ith  hiah-  or  Um-J, 

Miuind  f 

1,24 

.cak  lloM.  Vci 

nilators. 

1,29 

A  Iwo-comparlinent  lu 

Nellciir  Puritan  Bennett  72(10ac  ll>JPB7200). 

Siemens  .100  (SV300).  Newport  Wavt 

■Elm 

iE:niii 

uct  before  the  cessation  of  the  inspiratory  flow,  suggesting 
expiratory  muscle  recruitment  while  the  ventilator  was  still 
inflating  the  thorax.  Because  the  Servo900C  utilizes  a  tlow 
criterion  of  25%  of  the  peak  tlow  and  a  pressure  criterion 
of  ^  cm  HiO,'' '"  the  ventilator  inspiratory  termination 
should  be  earlier  using  the  Servo900C  than  the  SV300. 
This  means  that  the  expiratory  muscle  work  would  be 
higher  if  the  SV300  was  used  in  these  patients.  The  sig- 
nificant delay  in  the  ventilator  inspiratory  termination  will 
also  shorten  expiratory  time  and  may  exacerbate  auto- 
PEEP,  which  frequently  is  an  important  clinical  issue  in 
these  patients.'^ 

In  addition  to  the  tlow  criterion  and  pressure  criterion, 
ICU  ventilators  also  have  a  termination  criterion  based  on 
maximum  T,  in  order  to  protect  patients  in  case  of  a  mas- 
sive circuit  leak.  The  ventilators  will  terminate  their  flow 
if  the  T,  reaches  .^.0  seconds  in  the  NPB72(M)ae  and  the 
E2()()  or  SO'f  of  one  breath  interval  in  the  SV300."  ""^ 
Because  there  were  no  patient  circuit  leaks  during  this 
study,  there  were  no  breaths  that  lasted  long  enough  to  be 
terminated  by  this  criterion. 

Some  newly  released  ICU  venlilalors  (eg.  NPB  S4(). 
Hamilton  Galileo)  allow  manual  selection  of  the  termina- 
tion flow  percentage  (flow  criterion).  This  is  designed  to 
help  clinicians  fine-tune  the  ventilator  inspiratory  termi- 
nation for  individual  patients.  However,  the  setting  of  the 
lermiiKilion  tlow  percentage  is  difficult  with  visual  obser- 
\ation  of  the  airway  pressure  waveform  at  bedside  and 
may  be  impossible  when  waveform  analysis  is  uiiasail- 
able.**  Moreover,  the  patient  effort  and  mechanics  ma\ 
change  o\er  lime,  which  iicccssilales  I'lvqueiil  ailjiislmcnis 


by  clinicians.  Automatic  variable  termination  criterion  com- 
bined with  appropriate  pressure  criterion  seems  more  user 
friendly  and  may  sufficiently  improve  the  patient-ventila- 
tor synchrony. 


Plateau  Airway  Pressure  (in  cm  H,0)  for  Three  Pressure 
Support  Ventilators  Set  at  Positi\e  End-Expiratory  Pressure 
ol  I)  or  5  cm  H,0  (PEEP-O  or  PEEP-5)  and  Tested  at 
Compliance  of  20.  40.  or  80  (C20.  C40.  CSO)  and 
Parabolic  Resistance  of  5  or  20  (R5.  R20), 


Low  Demand  (30  L/tiiin) 

NPB7200 

SV300 

E200 

PEEP-O 

R5.  CSO 

8.4 

12.0 

10.8 

R5.  C40 

8.5 

11.5 

10.2 

R5.  C20 

8.5 

11.4 

10.2 

R20.  CSO 

8.4 

12.0 

10.5 

R2().  C40 

8.4 

11.7 

10.7 

R20.  C20 

8.1 

11.4 

10.8 

PLHl'-5 

R5,  CSO 

8.5 

11.5 

10.4 

R5.  C40 

9,0 

11,4 

10.6 

R5.  C20 

8.6 

11.1 

10.5 

R20.  CSO 

8.4 

11.2 

10.7 

R20,  C40 

8.5 

11,8 

10.2 

R20.  C20 

8.4 

10.8 

10.3 

l.ung  model  simulated  spontaneous  hreaihing  of  patients  with  low-demand  peak  flow.  -Ml 
piessures  are  those  above  PEEP  level.  Venlilalors:  Nellcor  Puritan  Bennett  720nae 
lN'l'B7:t)fll.  Siemens  Mm  ISV.1001.  Newport  Wave  E20I)  (E:Otll. 
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Pc;ik  Inspiralory  Airway  Pressure  (in  cm  H,(Jl  tiir  Throe  Pressure  Suppiir(  Ventilalors  Set  at 
Posili\e  Eiid-E\pn-atory  Pressure  ol' 0  or  5  em  H,0  (PEEP-O  or  PEEP-5)  and  Tested  at 
Compliance  of  2(1.  40.  or  SO  (C2(),  C40.  CSO)  and  Parabolic  Resistance  of  3  or  20  (R5,  R20l. 


High  Demand  (60  L/min) 

Low 

Demand  (30  L/niin) 

NPB7200 

SV300 

E200 

NPB7200 

SV300 

E200 

PEEP-O 

R5.  CSO 

11 

13 

11 

11 

13 

12 

R?.  C40 

12 

14 

12 

11 

13 

12 

R5,  C20 

13 

14 

12 

11 

13 

13 

R20.  CSO 

11 

16 

13 

11 

13 

12 

R20.  C40 

14 

19 

17 

12 

14 

12 

R2().  C20 

14 

22 

16 

11 

IS 

12 

PEEP-.S 

R5.  CSO 

10 

14 

12 

12 

13 

12 

R?.  C40 

12 

13 

12 

12 

13 

13 

R?.  C20 

13 

15 

12 

12 

14 

13 

R20.  CSO 

12 

17 

13 

12 

13 

13 

R20,  C40 

13 

20 

13 

12 

14 

12 

R20,  C20 

model 

14 

used  10 

simulate  spontaneous  breath 

1? 
ng  of  patients  v 

vilh  hi 

.h-  or  low-demand 

IS 

peak  flow.  All  pressur 

13 

A  Iwo-compartment  lun 

es  are 

lliose  iibme  PEEP  level 

Venlila 

lors: 

Nellcor  Puritan  Bennett  7200ae  (NPB72(X)).  Siemer 

s  300 

SV300).  Ne 

wpon 

Wave  E:00 

E:00), 

Table  ?.  Inspiratory  Area  Percent  (Area-l^i^l  of  Airway  Pressure  for  Three  Pressure  Support  Ventilators 
Set  at  Po.sitive  End-Expiratory  Pressure  of  0  or  5  cm  H,0  (PEEP-O  or  PEEP-5 1  and  Tested  at 
Compliance  of  20.  40.  or  80  (C20.  C40,  CSO)  and  Parabolic  Resistance  of  5  or  20  (R5.  R20l. 


Hig 

li  Demand  (60  L/min) 

Low  Demand  (30  L/min) 

NPB720O 

SV300 

E200 

NPB7200 

SV300 

E200 

PEEP-O 

R5.  CSO 

33 

54 

55 

55 

71 

69 

R5.  C40 

39 

56 

60 

60 

67 

70 

R5.  C20 

43 

56 

61 

57 

66 

67 

R20,  CSO 

39 

65 

26 

62 

73 

72 

R2(l,  C40 

35 

69 

70 

59 

73 

72 

R2(),  C20 

46 

66 

69 

57 

70 

71 

PEEP-5 

R5.  CSO 

43 

54 

61 

63 

65 

65 

R5.  C40 

4S 

56 

62 

59 

65 

62 

R5,  C20 

47 

54 

65 

65 

71 

67 

R20.  CSO 

3S 

59 

36 

64 

72 

66 

R20,  C40 

42 

61 

70 

62 

72 

66 

R20.  C20 

52 

ij  model  was  used 
7:f)llae  |NPB7:()II 

,  Sien 

66 

laic  sponlancou 
eii^  100  (SV.lOt 

hrcalh 
.  Nc«r 

70 

iiy  nl  paiierK 

wilh  hi 

(iie:oii 

64 

h-  nr  Inw-dL 

mand 

71 

peak  How    Venlilalor 

64 

A  iuu-L.iiinparlnU'111  ki 

The  Wmus  is  a  function  of  the  trigger  delay,  actual 
pressure  support  level,  and  termination  synchrony  (prema- 
ture termination  or  delayed  termination).  In  this  study,  the 
calculation  of  the  Wmus  used  only  the  pressure  and  vol- 
ume of  the  driving  phase:  therefore,  the  delayed  termina- 
tion will  not  affect  the  appropriateness  of  the  calculation 
of  the  Wmus.  While  there  was  not  marked  premature  ter- 
mination (Table  I )  and  the  Wmus  coiresponding  to  the 


trigger  phase  only  accounts  for  a  minimal  part  of  the  total 
Wmus  (data  not  shown),  the  difference  in  the  Wmus  mainly 
represents  the  difference  of  the  inspiratory  output  of  the 
ventilators. 

Our  results  showed  that  the  Wmus  (J/L)  was  the  highest 
in  the  NPB7200ae  among  all  tested  ventilators.  This  is  the 
result  of  the  insufficient  initial  flow  delivery  from  the 
NPB72()Oae.  The  insufficient  initial  tlow  delivery  also 
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SV300 


1  second 

Fig.  4.  The  pressure  waveforms  in  high  demand.  Patient  demand:  60  LVmin:  Compliance:  80  mL7cmH20;  resistance:  R5  (upper)  and  R20 
(lower).  NPB7200  =  Nellcor  Puritan  Bennett  7200ae:  SV300  =  Servo  300;  E200  =  Wave  E200. 


causes  pressure  undershoot  during  the  first  half  of  the 
inspiratory  pha.se.''"*  This  is  consistent  with  the  finding 
that  the  Area-l^  in  the  NPB72()0ae  was  also  maricedly 
lower  than  that  in  the  other  two  ventilators.  On  the  other 
hand,  the  Wmus  in  the  SV300  was  always  the  least  among 
all  tested  ventilators  due  to  the  higher  actual  support  pres- 
sure level.  Although  the  pressure  support  level  in  the  three 
ventilators  was  set  at  10  cm  H-,0.  the  actual  plateau  pres- 
sure was  1-2  cm  H^O  higher  than  the  set  pressure  support 
level  in  the  SV3()().  suggesting  excessive  support.  We  set 
inspiratory  rise  time  to  1  %  in  the  SV3()0  in  order  to  shorten 
the  negative  airway  pressure  period  because  in  our  pre- 
liminary experiments  we  found  a  longer  negative  airway 
pressure  period  at  a  higher  inspiratory  rise  time.  Mean- 
while, this  fast  pressurization  did  not  cause  pressure  over- 
shoot even  in  high  resistance/low  compliance  conditions. 
The  significant  high  peak  inspiratory  airway  pressure  in 
the  SV30()  appeared  around  the  end.  not  the  start,  of  in- 
spiration. The  high  peak  inspiratory  airway  pressure  re- 
sulted from  high  pressure  criterion  (+20  cm  H^O  above 
the  target  pressure)  and  low  flow  criterion  {5%  of  peak 
flow).  The  trigger  dyssynchrony  in  the  E200  in  high  de- 
mand with  long  time  constant  conditions  resulted  from  ihc 
initial  pressure  overshoot,  suggesting  the  insuincienl  ini- 
tial flow  coMliol  al'jorillini  mulcr  Ihis  condilion. 


1(),S6 


Since  our  data  are  based  on  a  lung  model,  careful  con- 
sideration should  be  taken  when  extrapolating  it  to  the 
clinical  setting.  In  addition,  there  are  several  limitations  in 
the  design  of  our  study.  First,  the  "patient"  cannot  actively 
exhale  in  our  lung  model.  In  clinical  sites,  active  exhala- 
tion from  the  patient  expiratory  muscle  activity  may  cause 
inspiratory  flow  decline  quicker  than  it  did  in  this  study. 
This  may  shorten  the  ventilator  inspiratory  termination 
delay  time:  however,  it  would  be  at  the  cost  of  the  patient 
expiratory  inuscle  work."'  Second,  the  pressure  and  flow 
signals  used  for  analyses  in  this  study  were  measured  at 
the  place  between  the  tested  ventilator  and  the  tested  lung. 
The  flow  and  pressure  signals  used  for  the  control  of  the 
flow  delivery  in  the  3  ventilators  are  actually  measured 
within  ventilators,  except  that  in  the  E20().  the  pressure  is 
measured  at  the  patient  circuit  proximal  wye  connector. 
This  difference  in  the  measurement  locations  may  intro- 
duce some  degree  of  error  due  to  the  breathing  circuit. 
Last,  we  only  simulated  the  patient  T,  of  1 .0  second.  Shorter 
or  longer  patient  T,  may  change  the  termination  delay  time 
quantitatively.  These  limitations  should  he  taken  into  ac- 
count when  interpreting  the  results  of  this  study  for  clin- 
ical purposes.  It  should  also  be  noted  that  the  paticnt- 
\entilator  synchrony  in  the  transition  to  exhalation  may 
not  he  solcK  llic  resiili  (if  lerniiiuiliun  criteria.  The  liming 


Risi'iRAiok')  Cari:  •  Di.ciMHiR  "^S  Vol  43  No  12 


Effects  of  Pressure  Support  Termination  on  Patient-Vfntii.ator  Synchrony 


nf  flow  iLTDiiiialion  in  ;i  \ciililator  is  also  ivlatcd  to  that 
ventilator's  inspiratory  output.  Therefore,  the  results  in 
this  study  may  not  be  directly  extrapolated  to  other  ven- 
tilators using  the  same  termination  criteria. 

Conclusion 

In  conclusion,  the  tciiiiination  criteria  used  in  PSV  in 
the  3  ventilators  provided  a  relatively  reasonable  patient- 
\  entilator  synchrony  in  the  transition  to  exhalation  in  most 
settings.  The  marked  delay  in  the  ventilator  inspiratory 
termination  may  occur  under  the  conditions  of  long  time 
constant  with  low  demand  in  the  SV3()0,  which  resulted 
mainly  from  the  combination  of  the  inappropriate  pressure 
criteria  and  flow  criteria.  Although  the  pressure  criteria  are 
designed  as  a  backup  measure  to  the  flow  criteria  in  the 
inspiratory  termination,  it  consistently  functions  as  a  pri- 
mary mechanism  in  the  NPB7200ae. 

PRODUCT  SOURCES 

Ventilators 

Nellcor  Puritan  Bennett  72()()ae.  Mallinckrodt  Inc.  Pleas- 

anton  CA 
Servo  300.  Siemens  Medical  Systems  Inc.  Iselin  NJ 
Wave  E200.  Newport  Medical  Instruments  Inc.  Costa 

Mesa  CA 
Bear-.'^.  Thermo  Respiratory  Group.  Palm  Springs.  CA 

Flow  Transducer 

Model  RF-L.  Minato  Medical  Science  Co.  Ltd..  Osaka. 
Japan 

Pressure  Transducer 

Heise  901  A.  Dresser  Industries  Inc.  Stratford  CT 

Data  Acquisition  System 

DT2831  and  Global  Lab.  Data  Translation  Inc.  Marl- 
borough MA 

Lung  Model 

TTL  Model  1 600.  Michigan  Instruments  Inc.  Grand  Rap- 
ids MI 

Calibration  Analyzer 

RT-200.  Allied  Healthcare  Products.  St  Louis  MO 
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Evaluation  of  the  Normal  Inspiratory  Flow- Volume  Curve 

LTC  Oleh  W  Hiiatiuk  MD.  Ant-el  Siena  CRTT  CPFT.  and  Audrey  S  Chaniz  PhD 


INTRODUCTION:  The  normal  inspiratory  flow- volume  (FV)  curve  has  not  been  extensively  char- 
acterized. Acceptability  criteria  have  been  proposed  but  not  thoroughly  evaluated,  and  formal 
recommendations  have  not  been  published.  This  study  was  done  to  further  characterize  the  in- 
spiratory FV  curve  and  to  evaluate  the  provisional  guidelines  in  a  population  of  normal  subjects. 
METHODS:  The  design  for  the  study  is  a  retrospective  review  of  pulmonary  function  reports.  The 
setting  for  the  study  was  a  university  teaching  hospital  and  tertiary  care  referral  center.  Subjects 
(patients)  were  >  18  years  old.  had  no  pulmonary  symptoms  or  disease,  and  had  a  normal  expi- 
ratory spirometry  between  December  1993  and  December  1994.  RESULTS:  One  hundred  twenty- 
one  studies  were  evaluated.  There  were  91  men  in  the  group,  with  a  mean  age  of  52.1  years  (±  16.7 
years;  range,  19-92  years).  In  62.8%  (//  =  76)  of  cases,  the  maximum  inspiratory  flow  (MIF)  did 
not  occur  during  the  'best  effort'  expiratory  curve  (largest  sum  of  forced  expiratory  volume  in  one 
second  +  forced  expiratory  vital  capacity  [FVC]).  The  best  forced  inspiratory  flow  at  50%  of  vital 
capacity  (FIF,,,)  was  >  95%  of  the  MIF  (on  same  effort)  in  only  62.8%  of  cases  (/»  =  76).  The  forced 
inspiratory  vital  capacity  (FIVC)  on  any  effort  was  >  FVC  in  only  44.6%^  of  subjects  (h  =  54).  The 
Five  was  >  90%  of  the  FVC  on  the  effort  containing  the  best  MIF  in  87.6%  of  cases  in  =  106). 
The  inspiratory  FV  curve  containing  the  largest  MIF  was  parabolic  with  one  inflection  point  in  only 
53.1  %  of  cases  in  which  there  was  agreement  in  the  interpretation  of  curve  shape  between  2  of  the 
authors.  CONCLUSIONS:  Evaluation  of  inspiratory  FV  data  from  only  the  best  effort  expiratory 
curve  misses  a  signitlcant  portion  of  maximal  MIF  and  FIFj,,  values.  Therefore,  spirometry  equip- 
ment should  be  designed  to  allow  the  technician  to  choose  the  best  inspiratory  FV  loop.  On  the  basis 
of  our  findings,  FIF5,,  &  95%  MIF,  FIVC  a  FVC.  or  a  parabolic  shape  with  only  one  inflection 
point  are  not  optimal  criteria  for  a  normal  or  acceptable  inspiratory  FV  curve  when  the  inspiratory 
effort  is  performed  immediately  following  a  forced  expiratory  maneuver.  However,  FIN  C  a  90% 
FVC  may  be  useful  as  a  criterion  of  acceptability.  Last,  it  is  possible  that  recording  inspiratory  and 
forced  expiratory  maneuvers  separately  will  result  in  loops  that  are  more  consistent  with  expecta- 
tions. Further  evaluation  using  larger  populations  is  needed  before  definitive  recommendations  can 
be  made.  (Rcspii' Caix-  l'-^'-)S;43(  1  2):  l()58-l()63|  Key  words:  Fulnionary  function  teslinii.  phy.sioloi;y. 
Jlow-volunic  loop,  inspiniilon.  nornuil  valiics. 


Introduction  rometry,  the  inspiratory  loop  provides  useful  information. 

In  their  early  research  on  obstructing  lesions  of  the  larynx 

Although  the  expiratory  I'low-volume  (FV)  curve  re-  and  trachea.  Miller  and  Hyatt' -  recognized  and  described 

ceives  more  attention  during  interpretation  of  forced  spi-  the  importance  of  the  inspiratory  FV  loop  in  diagnosing 

upper  airway  obstruction.  Since  then,  the  inspiratory  loop 
has  been  evaluated  with  increasing  freciuency.  The  inspira- 
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lory  loop  lias  been  reported  to  be  abiioriiial  in  patients  u  itb 
\oeal  cord  dysfunction'  and  sleep-disordered  breathing^ 
and  to  correlate  with  airway  hyperreactivity.^  An  abnor- 
mal inspiratory  FV  loop  is  also  considered  an  indication  to 
a\oid  general  anesthesia  in  adults  with  anterior  mediasti- 
nal masses;''  however,  this  recommendation  is  based  on 
anecdotal  evidence.' 

Extensive  guidelines  describing  the  adequacy  of  forced 
expiratory  spirometry  exist.**  "  This  is  not  true  for  the 
inspiratory  FV  curve.  Although  'abnormal"  curves  have 
been  described  in  the  above-mentioned  disease  processes, 
there  has  not  been  a  thorough  evaluation  of  what  consti- 
tutes a  satisfactory  test  and  "normal"  results;  however,  pro- 
\isional  guidelines  have  been  proposed.'-"  As  Ewald  et 
al"  state.  ".  .  .  the  most  significant  factor  limiting  the  in- 
terpretation of  .  .  .  inspiratory  FV  curve(s)  ...  is  absence 
of  uniform  criteria  that  define  an  adequate  inspiratory  FV 
curve  performance.""  Therefore,  we  undertook  this  study  to 
further  describe  a  normal  inspiratory  FV  curve  and  to  eval- 
uate the  proposed  guidelines  in  a  group  of  normal  subjects. 

Methods 

Procedure  and  Data  Collection 

All  axailable  screening  spirometries  and  accompanying 
pre-spirometry  questionnaires  (—4800)  performed  in  the 
Walter  Reed  Army  Medical  Center  pulmonary  function 
testing  laboratory  between  1  December  1993  and  1  De- 
cember 1994  were  reviewed.  Initially,  all  studies  for  pa- 
tients who  met  the  following  inclusion  criteria  were  col- 
lected; beneficiaries  of  the  military  health  care  system  who 
were  >  18  years  of  age.  patients  with  no  reported  history 
of  pulmonary  symptoms  or  pulmonary  disease  on  a  pre- 
spirometry  questionnaire,  and  patients  with  no  pulmonary 
or  systemic  diseases  commonly  involving  the  lung  noted 
on  the  request  by  the  referring  health  care  provider.  From 
this  subgroup,  only  studies  for  patients  having  ratios  of 
forced  vital  capacity  (FVC)  and  forced  expiratory  volume 
in  1  second  (FEV,)  (FEV|/FVC)  within  the  95%  norma- 
tive range  were  retained  for  final  analysis.  Normal  values 
were  derived  from  Crapo  et  al.'-*  and  corrections  for  race 
were  made  in  accordance  with  published  guidelines.'-''  All 
testing  followed  published  guidelines  for  performance  of 
pulmonary  function  tests  •*-"  using  standard  puhnonary 


The  iipinloiis  or  assertions  contained  herein  are  the  private  views  of  the 
authors  and  are  not  to  be  construed  as  official  or  as  reflecting  the  views 
of  the  Department  of  the  Army  or  the  Department  of  Defense. 

CoiTespondence  &  Reprints:  Angel  Sierra.  CRTT  CPR".  Technical  Di- 
rector. Pulmonary  Function  Laboratory.  Pulmonary  &  Critical  Care  Med- 
icine Service.  Walter  Reed  Army  Medical  Center,  Ward  77,  Washington, 
DC.  20307-5001. 


Itinclion  eqtnpnicnt  (Cybermedic  Inc.  Boulder  CO.  and 
.Sensormedics  Corp.  Yorba  Linda  CA).  In  one  case,  two 
different  sets  of  spirotnetry  were  performed  on  the  same 
individual  within  the  study  period,  but  only  the  first  set  of 
results  was  u.sed  in  the  analysis. 

For  each  spirometric  study,  the  computer  program  used 
by  our  pulmonary  function  equipment  printed  the  3  best 
trials  (from  up  to  8  efforts),  as  determined  on  the  basis  of 
the  largest  sum  of  FVC  +  FEV,.  These  3  trials  and  cor- 
responding FV  curves  made  up  the  printed  report  for  each 
subject.  The  best  trial  and  accompanying  expiratory  and 
inspiratory  values  were  printed  in  Column  I,  the  values 
from  the  next  best  trial  were  printed  in  Column  2,  and  the 
values  froiTi  the  third  best  trial  were  printed  in  Column  3. 
Each  column  contained  at  least  the  following  evaluated 
variables;  FVC.  FEV,,  FEV, /FVC,  forced  inspiratory  vital 
capacity  (FIVC),  forced  inspiratory  volume  in  the  first 
second  of  inspiration  (FIV,),  maximum  inspiratory  flow 
( MIF),  and  forced  inspiratory  flow  at  50%  of  vital  capacity 
(FIF31,).  To  determine  if  the  largest  values  occuired  to- 
gether on  the  same  trial,  we  ranked  raw  data  across  the 
three  trials  for  each  variable  (largest  [No.  1]  to  smallest 
[No.  3]).  For  example,  a  subject  with  an  FEV,  of  2.13  L, 
2.20  L,  and  2.10  L  in  Columns  1.  2.  and  3  would  be  ranked 
as  2,  1,  3. 

Data  Analysis 

We  evaluated  the  characteristics  of  normal  inspiratory 
FV  in  three  ways:  ( I )  We  examined  the  relationship  be- 
tween the  inspiratory  flow  variables  (FIVC,  FIV,,  MIF, 
FIF^i,)  by  determining  how  often  (using  both  raw  numbers 
and  percentages)  two  variables  occurred  together,  and  we 
examined  the  relationship  between  the  inspiratory  variable 
FIVC  and  the  expiratory  variable  FVC,  again  using  raw 
numbers  and  percentages;  (2)  we  evaluated  the  agreement 
between  each  of  the  pulmonary  function  variables,  on  the 
basis  of  their  order  of  magnitude  across  the  3  printed  trials 
(cases  in  which  equal  values  occurred  on  2  or  3  of  the 
trials  [41  of  957  triplets.  4.3%j)  were  not  included  in  this 
part  of  the  analysis;  and  (3)  we  evaluated  the  shape  of  the 
inspiratory  FV  curve.  The  choices  for  shape  of  the  inspira- 
tory curve  were  simplified  to  parabolic  and  one  inflection 
point,  parabolic  and  more  than  one  inflection  point,  flat- 
tened and  smooth,  flattened  and  jagged,  and  'other'  to 
minimize  observer  bias  and  subjectivity  and  to  increase 
the  accuracy  of  classification.  The  shape  of  the  inspiratory 
FV  curve  was  independently  evaluated  by  2  of  the  authors 
(OH  and  AS),  who  were  blinded  to  each  other's  evalua- 
tions. 

Data  are  expressed  as  mean  percentages  and  the  95% 
confidence  interval  (CI).  Differences  between  sex,  race,  or 
smoking  status  for  each  pulmonary  function  variable  were 
evaluated  iisini:  the  tuo-tailed  Fisher's  exact  test.  Ken- 
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dall's  laii-b  aiul  .S|icarnian"s  coriclalion  coelYicient  were 
used  to  determine  the  correlation  between  pulmonary  func- 
tion \  ariables.  Two-sided  p  values  <  0.05  were  considered 
statisticalJs  significant. 

Results 

One  hundred  twenty-one  studies  were  included  in  the 
final  analysis.  There  were  91  men  (75.2%)  and  30  women 
(24.8%)  in  this  group,  with  a  mean  age  of  52.1  (±  16.7 
years;  range.  19-92  years).  Studies  were  done  on  97  white 
patients  (80.2% ),  23  African-American  patients  ( 19%),  and 
1  Asian-American  patient  (0.8%).  Spirometries  were  per- 
formed on  42  nonsniokers  (34.7%).  21  current  smokers 
( 17.4%-).  and  58  ex-smokers  (47.9%).  Spirometry  was  per- 
formed preoperatively  in  79  cases  (65.3%).  as  part  of  rou- 
tine occupational  health  screening  in  25  cases  (20.7%). 
and  for  other  reasons  in  17  cases  (14.0%).  There  were  no 
statistically  significant  differences  between  sex,  race,  or 
smoking  status  for  any  of  the  evaluated  variables  except 
parabolic  FV  loops,  as  explained  below. 

In  45  studies  (37. 2%^:  95%  CI  =  28.7%-46.57f ).  the 
largest  MIF  occurred  on  the  'best  effort"  expiratory  curve 
(largest  sum  of  FEV,  and  FVC).  In  42  studies  (34.7%: 
95%  CI  =  26.4%-44.0%r),  the  largest  FIF,,,  occurred  on 
the  best  effort  expiratory  curve.  Relationships  between 
other  inspiratory  pulmonary  function  variables  are  shown 
in  Table  1 .  The  observed  relationships  between  FIVC  and 
FVC  are  shown  on  Table  2.  There  was  significant  corre- 
lation between  MIF  and  FIF,,,  and  both  MIF  and  FIF,^,,  and 
the  inspiratory  FV  curve  with  the  largest  combined  FIVC. 
MIF.  and  FIF^,,  (Table  3).  To  evaluate  reproducibility,  we 
chose  variables  related  to  those  used  in  the  expiratory  FV 
curve.  We  found  that  the  largest  FIV,  or  FIVC  were  within 
5%  of  the  second  largest  values  in  only  84  (76.4%;  95% 
CI  =  67.2%-83.8%)  of  1 10  cases. 

There  was  agreement  between  2  ol  the  authors  regard- 
ing the  shape  of  the  inspiratory  FV  curve  in  98  studies 
(81.0%).  In  the  concordant  studies,  the  inspiratory  FV  loop 
containing  the  largest  MIF  was  parabolic  with  one  inflec- 
tion point  in  52  cases  (53.1%;  95%^  CI  =  42.8%-63.1%) 
and  parabolic  with  2  inflection  points  in  29  studies  (29.6%; 
95%  CI  =  2I.O%-39.8%)  (Fig.  1).  There  was  a  statisti- 
cally larger  percentage  of  women  (21/27,  77.8%^)  than  men 
(31/71,  43.7%)  in  the  cases  with  a  parabolic  inspiratory 
FV  loop  and  ime  inflection  point  (p  =  ().()()3).  Conversely. 
there  was  a  statistically  larger  percentage  of  men  (27/44. 
61.4%)  than  women  (2/27.  7.4%)  in  the  cases  with  a  par- 
abolic inspiratory  FV  loop  and  two  or  more  inflection 
points  (p  =  ().()()3).  The  inspiratory  FV  curve  was  flattened 
and  smooth  in  2  studies  (2.0%  ),  flattened  and  jagged  in  I 
study  (1.0%  ).  and  'other"  in  14  studies  ( 14.3''^  ).  In  those 
cases  where  there  was  disagreement  belvveen  the  authors 
(/)  =  23).  the  most  common  disaerecmcnl  was  whether  a 
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parabolic  inspiratory  cur\e  had  one  or  two  inflection  points 
(9  cases). 

Discussion 

To  our  kiiowiedgc.  the  earliest  guidelines  regarding  an 
acceptable  inspiratory  FV  loop  were  published  by  Dillard 
et  al'-  in  1993.  These  guidelines  stated  that.  "(1)  forced 
inspiratory  vital  capacity  (FIVC)  should  not  he  less  than 
')()%  of  forced  expiratory  vital  capacity  (FVC)  (2);  com- 
posite superimposed  inspiratory  flow-volume  curves  should 
he  smooth  and  continuous,  without  multiple  domains  of 
inflection;  and  (3)  inspiitiloiy  How -\()liime  ctirxes  should 
have  a  parabolic  or  scmiciivtilai  shape  h_\  iiispcclion  w  iili- 
oul  a  pronotinced  plateau." 
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MIL  and  (Five    t   LIL„,    t    MIFl  on  Lesi  ellorl  e\pnaU.r>  curse 
Mil-  anil  (Five  4    FI(-,„    i    MIF)  on  :nd  Ix-si  elTori  e\pualor\  cinve 
MIL  and  (FIVC  +  FIF,„  +   MIF)  on  ^a\  hesI  elloil  e\pnalory  curve 


0.840 
0.858 
0.844 
0.699 
0.739 
0.677 
0.823 
0.853 
0.807 


0.876 
0.887 
0.864 
0.748 
0.779 
0.713 
0.859 
0.877 
0.843 


6  8 


1       Fig.  1.  Representative  samples  of  inspiratory  flow-volume  curve  shapes  found  during  analysis:  A.  parabolic  loop  with  one  inflection  point; 
j       B,  parabolic  loop  with  2  inflection  points;  C,  flattened,  smooth  loop;  D,  'other'  category  with  jagged,  incomplete  loop. 


In  1994.  other  guidelines  were  proposed  for  "aecepting, 
reporting,  and  displaying  the  be.st  inspiratory  FV  eurve 
data."  These  included.  "( 1 )  The  acceptability  criteria  would 
require  that  the  FIVC"  be  equal  to  or  greater  than  the  FVC 


and  thai  the  FIF„,  should  be  at  least  95%  of  the  (MIF).  (2) 
The  best  data  selected  for  numerical  tabulation  and  ratio 
determinations  should  be  the  largest  FIVC.  the  largest  FIF.so 
and  the  largest  (MIF)  from  all  trials.  (3)  The  "best"  inspira- 
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torv  FV  cuiAc  tor  piinliiii:  and  iiilerpielatioii  should  be 
L'liosen  as  the  inspiralory  FV  curve  with  the  largest  sum  ot 
the  Five  +  FIF^o  +  (MIF)  and  paired  with  the  best  ex- 
piratory FV  curve."  " 

Our  study  reveals  several  important  findings.  The  first  is 
that  evaluation  of  inspiratory  FV  data  obtained  I'rom  the 
loop  with  the  best  elTort  expiratory  curve  misses  a  signif- 
icant portion  of  maximal  MIF  and  FIF<;„  values.  Spirom- 
etry software,  which  only  displays,  saves,  and  prints  the 
best  effort  expiratory  effort  with  accompanying  inspira- 
tory values,  will  not  provide  optimal  data  for  interpretation 
of  the  inspiratory  FV  curve  and  may  lead  to  FV  loop 
misinterpretations.  Second.  FIF,,,  >  959^  MIF.  FlVC  > 
FVC.  or  a  curve  with  parabolic  shape  and  only  one  inflec- 
tion point  all  occur  infrequently  enough  that  they  are  not 
useful  as  criteria  for  an  acceptable  inspiratory  FV  curve 
when  the  inspiratory  FV  loop  is  performed  iminediately 
after  the  expiratory  maneuver.  Third,  the  largest  values  for 
MIF.  FIF^i,.  and  FIVC  do  not  always  occur  on  the  same 
effort,  although  the  largest  FIF,,,  and  MIF  were  usually 
found  on  the  curve  with  the  largest  sum  of  FIVC  -I-  FIF.^,, 
+  MIF.  For  these  variables,  examination  of  all  saved  trials 
is  necessary  to  identify  the  largest  values.  Last,  the  FIVC 
is  >  90%  FVC  frequently  enough  that  it  may  be  useful  as 
a  criterion  of  acceptability.  However.  FIV,  and  FIVC  were 
not  within  57r  of  their  second  largest  values  frequently 
enough  to  be  useful  as  criteria  of  reproducibility. 

There  are  several  limitations  to  our  study.  The  first  is 
that  the  study  was  done  retrospectively.  Although  every- 
thing possible  was  done  to  include  normal  patients  into  the 
study,  review  of  the  questionnaire  and  brief  history  pro- 
vided with  the  requests  may  not  have  been  enough  to 
exclude  everyone  with  pulmonary  disease.  Second,  the 
inspiratory  loop  data  were  evaluated  only  from  the  3  best 
saved  expiratory  efforts.  This  is  a  function  of  the  software 
used  in  our  pulmonary  function-testing  laboratory.  Other 
soliware.  allowing  one  to  save  the  best  inspiratory  efforts 
and/or  perform  the  inspiratory  loop  separately  from  the 
expiratory  effort,  may  yield  different  results.  It  should  be 
noted  that  there  are  few  programs  currently  on  the  market 
that  allow  this  kind  of  flexibility.  Third,  the  testing  was 
performed  by  more  than  I  respiratory  care  pro\  ider:  how- 
ever, technicians  at  our  institution  arc  taught  to  coach 
cscr\  patient  all  the  way  through  the  inspiratory  maneu- 
\ci.  until  inspiralory  effort  can  no  longer  be  sustained. 
Last,  the  evaluation  of  the  shape  of  the  inspiratory  FV 
cuivc  yielded  a  19%  discordance  rate.  Until  uniform  cri- 
teria for  acceptable  shapes  of  the  inspiratorv  cur\e  are 
developed,  interpretations  of  shape  will  alwa\s  involve 
some  subjectivity. 

Despite  the  limitations  of  the  study,  we  believe  that  on 
the  basis  of  the  above  findings,  it  is  currently  difficult  to 
propose  acceptability  criteria  for  a  norinal  inspiratory  FV 
curve  that  is  obtained  iminediatciv  after  the  VWC  maneu- 


ver. The  findings  of  lack  of  best  inspiratory  ctirves  fol- 
lowing best  forced  expiratory  efforts  suggest  that  addi- 
tional trials,  performed  separately  from  the  forced 
expiratory  maneuver,  may  vield  more  consistent,  best  in- 
spiratory curves. 

Conclusions 

Although  the  American  Thoracic  Society  provides  ex- 
tensive guidelines  for  performance  of  the  FVC  maneuver, 
it  has  not  yet  adopted  guidelines  for  acceptability  of  the 
inspiratory  FV  curve.  We  agree  with  Ewald  et  al"  that 
separate  performance  of  the  inspiratory  and  expiratory  ma- 
neuvers, with  subsequent  simultaneous  display,  is  a  good 
starting  point,  and  we  repeat  their  call  for  the  establish- 
ment of  inspiratory  guidelines.  On  the  basis  of  our  find- 
ings, when  the  inspiratory  effort  is  performed  immediately 
following  a  forced  expiratory  maneuver.  FIF^^  >  95% 
MIF.  FIVC  s  FVC,  or  a  parabolic  shape  with  only  one 
inflection  point  are  not  optimal  criteria  for  a  normal  or 
acceptable  inspiratory  FV  curve.  However,  FIVC  ^  90% 
FVC  may  be  useful  as  a  criterion  of  acceptability.  Further 
evaluation  using  larger  populations  is  needed  before  de- 
finitive recommendations  can  be  made. 
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Case  Reports 


Ventilatory  Management  of  a  Bronchopleural  Fistula  following 

Thoracic  Surgery 

Miren  A  Schiiico  MD.  Vincent  A  Formosa  RRT.  and  Thomas  A  Santoia  MD 


Bronchopleural  fistiilae  can  present  a  significant  therapeutic  dilemma  in  the  maintenance  of  ade- 
quate alveolar  ventilation.  The  challenge  presented  hy  hronchopleural  fistulae  relates  to  keeping 
airway  pressures  at  or  helow  the  critical  opening  pressure  of  the  fistula  in  order  to  promote  fistula 
healing,  yet  still  providing  adequate  al\eolar  ventilation  for  sufficient  gas  exchange.  Occasionally, 
independent  lung  \entilation  alone  or  in  combination  with  other  less  conventional  ventilatory 
strategies  is  required.  We  report  the  case  of  a  patient  with  a  massi\e  bronchopleural  fistula  fol- 
lowing thoracic  surgery  and  present  a  strategy  of  management  for  this  challenging  clinical 
problem.  |Respir  Care  1998;43(  12);l064-l()6y|  Key  words:  Bninvluiplcunil  fisiiihi.  vciitiUiiioii.  iiule- 
jH'ihU'iii  liiiiii  ventilation,  jet  ventilation 


Introduction 

Bronchopleural  fistulae  (BPF)  are  associated  with  pul- 
monary disease,  thoracic  surgery,  trauma,  and  mechanical 
ventilation.'  -  The  maintenance  of  adequate  alveolar  ven- 
tilation despite  loss  of  minute  ventilation  through  the  fis- 
tula can  present  a  challenging  therapeutic  dilemma.  If  the 
fistula  flow  is  large,  hypoxia  and  hypercarbia  may  ensue. 
The  essential  principle  of  management  centers  around  main- 
taining airway  pressures  below  the  opening  pressure  of  the 
fistula  in  order  to  minimize  the  air  leak  and  allow  healing. 
This  is  not  always  possible  with  the  use  of  conventional 
volume-cycled  ventilation.  High-frequency  jet  ventilation 
(HFJV).  which  usually  produces  lower  airway  pressures 
than  ei|ui\alent  alveolar  ventilation  provided  by  con\cn- 
tional  positive  pressure  ventilation  methodologies,  can  pro- 
\  ide  a  theoretical  advantage  if  adequate  ventilation  can 
occur  at  or  below  the  critical  opening  pressure  of  the  BPF. 
This  theoretical  advantage  of  HFJV  has  been  shown  in 
animal  studies  to  maintain  aheolar  xentilalion  in  the  pies- 
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ence  of  a  BPF'  ^  but  to  ha\e  no  benefit  o\'er  con\enlional 
\  entilalory  strategies  in  clinical  studies.^ "  Independent  lung 
\enlilation  (ILV).  used  to  isolate  the  BPF.  has  been  shown 
to  be  effective  treatment  of  BPF.'"  Crimi  et  al"  have 
described  the  use  of  unilateral  HFJV  in  conJLinctioii  w  ith 
ILV  in  the  treatment  of  BPF. 

We  present  a  case  of  a  massive  BPF  follow  ing  decor- 
tication for  acute  empyema  that  healed  with  unilateral 
HFJV/ILV.  Included  is  the  rationale  and  the  procedures 
used  to  establish  and  later  remove  HFJV/ILV. 

Case  Report 

The  patient  was  a  75-year-old  (85  kg)  white  man  with  a 
history  of  chronic  obstructive  pulmonary  disease,  who  pre- 
sented to  an  outlying  institution  with  a  1 -month  history  of 
cough  and  intermittent  fe\ei.  The  patient  was  admitted 
with  the  diagnosis  of  community-acquired  pneumonia. 
Shortly  after  admission,  the  patient  developed  respiratory 
distress,  requiring  intubation  and  mechanical  ventilation. 
Despite  broad-spectrum  antibiotic  therapy,  the  patient's 
pulmonary  dysfunction  persisted  due  to  progression  of  the 
right  lower  lobe  pneumonia  into  a  parapneumonic  empy- 
ema. Right  thoracotomy  and  decortication  was  done;  a 
thick,  densely  adherent  fibrous  peel  was  found.  Decorti- 
cation resulted  in  loss  of  much  of  the  \  isceral  pleura  and 
creation  of  a  massive  BPF.  After  the  operation,  progres- 
sively iiiadei|tiale  aheolar  ventilatii>n  resulted  despite  the 
use  of  ILV  with  viilutiie-cycled  ventilators  (Table  1).  The 
patient  was  iiansferred  to  Allegheny  l'nivcrsit\  Hospitals 
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VlmiIiI.iIdr  Slrali.-L'ic-.,  Pulnniiuin   Mcchanii.v.  Arlcrial  Blood  (i. 


and  Air  Leak  As 


Vcnlilalor  sellings:  nigger  rale 
(brealhs/minl;  tidal  \(ilunic  ImL)        Vcnlilalor    Ventilatory 

or  inspiratory  pressure  Mode  Pattern 

(cm  H,0);  F,,,,;  CPAP  (cm  H,0) 


Peak  Inspiratory    Mean  Airway  Arterial  Blood  Gas 

Pressure  Pressure         Air  Leak*     (pH.  P^,,,  |mm  Hg). 

(cm  H,0)  (cm  H,0)  P„,  |mm  Hgj) 


Innnediale 

vop    (Ri  A/CIS.  V,-20(l.  .5,  +5 

vc 

Independeiil 

20 

NA 

iLl  A/C-IS.  V|-:o().  .5.  +5 

vc 

2S 

NA 

Tiansler 

(R)  A/C-4().  V,-:()0.  .4.  +5 

vc 

Independeiil 

20 

NA 

(L)  A/C-40.  V|-350.  .4.  +5 

vc 

4.^ 

NA 

HD-IJl 

A/C-SO.  Vr-fiOn,  .5.  +5 

vc 

Bilaleial 

37 

2! 

Hn-L2 

(R)  120.  DP-22.  Ti-.?. 

HFJV 

2.5 

\y 

IMV-6.  PC- 10.  ..T 

PC 

Independent 

(L)  A/C-20.  V,-600.  .5.  +8 

VC 

Ml 

2.^ 

HD-6 

(R)  A/C-12.  PC-25.  .5.  +5 

PC 

Independent 

M) 

L5 

(Li  A/C-12.  V,-6()0.  .5.  +10 

vc 

?,?, 

IS 

HD-7 

A/C-22.  PC-.^.S.  .."S.  +12 

PC 

Bilateral 

7,1 

14 

lilinicdJiilL'  p-np  =  sl.iuis  .11  complLMinn  nt  tlic  deci 
AJIcshcnv  InnciMC;  Hi.spil.iK  MCi';  IIU-I,:  =  ■ 
A/C  =  .isNJM/tonirol;  IMV  =  mleimillciu  iniind;in 
DP  =  driving  linspiralon  I  pressure:  VC  =  volum 
Lc:ik  siihjccli\cl\  qiLiiitilaletl  usinsi  Lhc  iiiiirkini:^ 
■  Lc;ik  iCMiKcd  mci  6  da\s 


7.26/.';W102 

7.07/1  I  7/Mi 

7.ll/S')/7y 

7..^7/44/20l 

7.47/40/122 

7..W.'>.Vy4 
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onlrol:  PC  =  pn.'ssurc  eontrol;  HFJV  =  high  fretjuency  jet  ventilation:  NA  =  nol  availahle, 
1  lhc  air  leak  nielei  ol  lhc  PIciir-ev.ic  A-7(IIK1 


MCP  on  the  first  postoperative  day  for  consideration  of 
alternative  \entilatory  therapy. 

The  massive  BPF  persisted  after  the  patient  was  trans- 
fetied  (Table  I ).  A  chest  radiograph  revealed  consolida- 
tion of  the  right  lung  with  midline  shift  toward  the  dis- 
eased side  with  adequately  placed  right-sided  chest  tubes 
(Fig.  I).  The  double  lumen  tube  (DLT)  that  had  been 
placed  during  the  thoracotomy  had  become  malpositioned 
during  transport.  Initial  management  included  reposition- 
ing the  left-sided  DLT  into  optimal  position  by  use  of  a 
4-mm  (outer  diameter)  bronchoscope.  Since  bilateral  ven- 
tilation and  ILV  with  conventional  ventilatory  modes  re- 
sulted in  a  persistent  massive  BPF  and  inadequate  alveolar 
ventilation.  HFJV  was  instituted  on  the  right  side,  and  a 
Nellcor  Puritan  Bennett  72()0a  was  used  to  supply  entrain- 
ment  gas  and  ventilatory  alarms.  On  the  left  side,  conven- 
tional volume-cycled  ventilation  was  continued. 

Over  a  period  of  6  days,  the  BPF  healed,  as  evidenced 
by  the  decrease  and  eventual  cessation  of  the  air  leak  from 
the  right-sided  chest  tubes.  With  re.solution  of  the  BPF. 
plans  were  made  to  simplify  the  ventilatory  management. 
The  first  step  was  the  removal  of  HFJV  with  conversion  to 
ILV  using  pressure-controlled  ventilation  (Table  I ).  The 
pressure  control  level  on  the  right  side  was  increased  to  28 
cm  HiO  in  an  attempt  to  maintain  alveolar  recruitment.  A 
trial  of  bilateral  ventilation  was  accomplished  by  adapting 
the  DLT  connection  for  one  ventilator  (Table   I ).  .Since 
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alveolar  ventilation  was  acceptable,  the  DLT  was  removed, 
and  airway  control  was  established  by  tracheostomy.  With 
continued  pressure  control  ventilation,  the  respiratory  ac- 
idosis resolved  complete!) . 

Over  the  following  week,  multiple  organ  failure  ensued. 
Sputum  cultures  grew  Pseiidomoiuis  aeruginosa.  Com- 
puted tomography  of  the  chest  revealed  two  right-sided 
anterior  hydropneumothoraces  and  gross  consolidation  of 
the  entire  right  lung.  An  anterior  chest  tube  was  placed  in 
an  attempt  to  drain  these  collections.  The  cardiothoracic 
surgery  department  was  consulted  and  did  not  feel  that  the 
patient  was  an  operative  candidate.  After  consultation  with 
the  family,  it  was  decided  that  further  aggressive  life- 
support  measures  should  not  be  undertaken,  and  despite 
appropriate  antibiotic  therapy,  the  patient  expired  shortly 
thereafter. 

Discussion 

BPF  are  manifested  as  simple  or  tension  pneumothora- 
ces  or  as  a  continuous  air  leak  from  a  pre-existing  chest 
tube.  The  therapeutic  predicament  involved  with  BPF  is 
twofold.  The  first  dilemma  is  the  maintenance  of  adequate 
alveolar  ventilation  while  ventilatory  losses  occur  through 
the  fistula.  In  some  animal  studies.'  fistula  losses  con- 
tained a  large  amount  of  carbon  dioxide  CO,,  which  con- 
tributed to  the  alveolar  ventilation  and.  therefore,  did  not 
present  a  ventilatory  problem.  Clinically,  hypercarbia  in 
the  face  of  a  large  BPF  is  a  significant  problem.'"  The 
second  dilemma  relates  to  closure  of  the  fistula — a  phys- 
iologic process  that  may  be  influenced  by  the  ventilatory 
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Fig.  1.  Patient's  chest  radiograph  on  transfer  to  Allegheny  Univer- 
sity Hospitals  MCP,  showing  consolidation  of  a  large  portion  of  the 
right  lung  with  midline  shift  toward  the  affected  side  due  to  volume 
loss.  The  arrow  shows  the  position  of  the  bronchial  lumen  tip  of 
the  double  lumen  endotracheal  tube  just  below  the  carina  at  the 
left  mam  bronchus.  Advancement  of  the  tube  was  necessary  due 
to  its  cephalad  migration.  There  is  a  tracheostomy  tube  in  position 
to  maintain  patency  of  the  tracheostoma.  Nasogastric  and  naso- 
duodenal  tubes  are  in  place  to  allow  for  gastric  decompression 
and  enteral  feedings,  respectively. 

strategy  used.  Passage  of  air  through  the  fistula  tract  is 
determined  by  the  difference  between  the  airway  pressure 
and  a  "critical  opening  pressure"  of  the  BPF  (Fig.  2). 
When  airway  pressure  exceeds  this  opening  pressure,  air 
flows  freely  through  the  fistula:  however,  if  the  airway 
pressure  remains  below  the  opening  pressure,  no  fistuhi 
flow  occurs.  Theoretically,  any  positive  airway  pressure 
may  protract  the  existence  of  a  BPF.  Likewise,  any  strat- 
egy to  reduce  airway  pressure  should  promote  resolution 
of  the  BPF:  however,  in  terms  of  maintenance  of  alveolar 
ventilation  or  time  to  healing,  no  prospective,  controlled 
study  has  been  done  to  show  superiority  of  any  ventilatory 
strategy  in  the  management  of  BPF.  Despite  this  paucity  of 
scientific  evidence,  certain  principles  of  management 
should  be  followed  (Fig.  ^). 

Regardless  of  the  cause  of  the  BPF.  initial  nianagemeni 
involves  insertion  of  a  chest  tube  attached  to  a  closed 
suction  drainage  system.  If  the  loss  of  minute  ventilation 
through  the  fistula  or  increased  work  of  breathing  causes 
ventilatory  insufficiency,  intubation  and  mechanical  ven- 
tilation must  be  instituted.  Positive  pressine  ventilation 
can  worsen  fistula  losses  secondary  to  increased  airway 
pressures. 

If  the  fislula  is  small,  a  coinenlional  nKulc  of  positive 
picssuie  vcnlilalion  shoukl  be  used.  Volume  control  vcn- 


Paw  >  OP  Paw  <  OP 

Fig.  2.  Flow  of  air  through  a  bronchopleural  fistula  depends  on  the 
pressure  differential  between  the  opening  pressure  of  the  fistula 
and  the  airway  pressure.  If  the  airway  pressure  is  greater  than  the 
opening  pressure,  air  will  flow  through  the  fistula  maintaining  its 
patency;  if  the  airway  pressure  is  less  than  the  fistula  opening 
pressure,  there  will  be  no  flow  through  the  fistula,  thus  allowing  the 
potential  for  healing. 


tilation  is  most  commonly  used,  but  airway  pressures  are 
not  well  controlled,  and  fistula  healing  may  be  impaired. 
Pressure-controlled  ventilation  may  be  preferable  because 
peak  airway  pressures  are  regulated.  Although  the  efficacy 
of  pressure  control  over  volume  control  ventilation  is  un- 
pro\ed.  it  is  our  preferred  mode  of  ventilation  for  BPF 
management. 

If  minute  ventilation  is  sufficient  to  allov\'  an  acceptable 
Pen,-  'he  patient  may  be  continued  on  a  conventional  mode 
of  ventilation:  if  hypercarbia  persists,  or  if  the  air  leak  is 
large,  then  the  use  of  HFJV  should  be  considered. 

In  HFJV  (Fig.  4),  gas  is  delivered  in  short  pulses  at  high 
pressure  through  a  small-caliber  injector."  This  injection 
configuration  causes  entrainment  of  surrounding  gases  (the 
Bernoulli  principle):  the  end  result  is  small  tidal  volumes 
at  low  pressure.  If  airway  pressures  are  maintained  below 
the  critical  opening  pressure  of  the  BPF.  the  air  leak  will 
decrease,  which  may  promote  fistula  healing.  Low-pres- 
sure ventilation  may  predispose  an  already  poorly  compli- 
ant lung  to  further  atelectasis.  This  is  especially  relevant, 
as  w  iih  the  present  case,  in  the  face  of  incompletely  treated 
infection.  One  must  balance  the  desired  effect  of  decreas- 
ing airway  pressures  to  minimize  the  loss  of  minute  ven- 
tilation through  the  BPF  against  the  loss  of  alveolar  units 
due  to  collapse  as  airway  pressures  decline  below  ciitical 
alveolar  closing  pressures. 

Once  ventilation  is  optimized  with  HFJV,  the  amount  of 
gas  lost  through  the  BPF  should  be  carefully  observed.  If 
the  air  leak  docs  not  decrease  over  time,  or  if  it  is  so 
massive  that  the  acceptable  alveolar  ventilation  cannot  be 
accomplished  with  HFJV.  then  ILV  is  the  next  recourse. 
Whole  lung  HFJV  was  not  done  in  ihis  case  because  (he 
DLT  was  already  in  position. 

Independent  lung  \entilation  can  he  done  wilh  conven- 
tional \enlilalion  of  the  uninvolvcd  lung  coupled  with  ei- 
ther no  supporl.  continuous  positive  airway  pressure,  pres- 
sure- or  volume-conlrol  \enlilalion.  or  Ill'JV  on  ihe  side  of 
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Bronchopleural  Fistula 

i 
tube  thoracostomy 

I 
alveolar  ventilation 


adequate  inadequate 

continue       intubation/mechanical  ventilation  * 

i 
air  leak 

alveolar  ventilation  t 


adequate  inadequate  *"    HFJV 

continue  alveolar  ventilation  t 

adequate  inadequate 
continue        independent  lung  ventilation 

Fig.  3.  Proposed  management  of  a  bronchopleural  fistula.  HFJV  -  high  frequency  jet  ventilation.  "Volume  or  pressure  controlled  ventilation 
(see  text),  talveolar  ventilation  that  results  In  an  acceptable  pH. 


50 

PS! 

Gas  Source 


Drive         Rate 

Pressure 

Control 


Entrainment 
Source 


Fig.  4.  Schematic  representation  of  the  high  frequency  jet  ventilator. 


the  BPF.  The  choice  of  ventilatory  support  given  the  lung 
with  the  BPF  is  dependent  upon  the  need  for  additional 
alveolar  ventilation  and  the  desire  to  recruit  or  maintain 
alveolar  units.  The  predominant  problem  with  ILV  is  the 
insertion  and  stabilization  of  the  DLT  (Fig.  5).'-*  A  left- 
sided  tube  is  most  frequently  used  because  positioning  the 
bronchial  lumen  of  the  tube  into  the  longer  left  main  bron- 
chus is  less  likely  to  result  in  obstruction  of  a  segmental 
bronchial  orifice.  The  position  of  the  DLT  must  be  mon- 
itored carefully;  malposition  can  lead  to  failure.  If  the  tube 
is  too  hioh  (with  the  bronchial  lumen  in  the  trachea),  the 


lungs  will  not  be  independently  ventilated.  If  the  tube  is 
too  low  (with  the  bronchial  lumen  at  the  distal  left  main 
bronchus),  the  left  upper  lobe  orifice  may  be  obstructed. 
At  extreme  distal  displacement  of  the  tube  (such  that  the 
tracheal  lumen  is  in  the  left  main  bronchus),  the  minute 
ventilation  intended  for  both  lungs  will  be  delivered  to  one 
lung.  This  will  result  in  collapse  of  one  lung,  with  hyper- 
intlation  and  risk  of  significant  barotrauma  or  volutrauma 
of  the  other.  A  pediatric  bronchoscope,  with  a  ma.ximum 
outer  diameter  of  4  mm,  should  always  be  used  to  guide 
initial  placement  and  subsequent  tube  position  e\aluaticins. 
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Fig.  5.  An  artist's  rendition  of  a  left-sided  Carlen's  double  lumen 
endotracheal  tube.  In  this  case,  the  longer  bronchial  lumen  sup- 
plies gas  to  the  left  lung,  while  the  tracheal  lumen  just  below  the 
carina  supplies  gas  to  the  right  lung.  Adequate  positioning  of  this 
tube  can  be  assessed  by  auscultation  but  is  best  accomplished 
with  the  use  of  a  small-caliber  bronchoscope  (see  text).  Frequent 
assessment  of  tube  position  is  suggested  because  migration  is 
commonplace  with  prolonged  use. 

The  margin  fcir  acceptable  tube  position  i,s  small,  and  dis- 
placement of  a  properly  placed  tube  is  not  infrequent: 
therefore,  frequent  radiographs  should  be  used  to  assure 
proper  tube  placement. 

When  the  air  leak  resolved  and  the  chest  radiograph 
revealed  no  residual  pneumothorax,  the  BPF  was  presumed 
healed.  .Since  ILV  with  HFJV  was  used  in  this  case  to 
resolve  the  BPF,  as  the  first  step  in  simplifying  the  ven- 
tilatory support,  we  cho.se  the  conversion  from  HFJV  to 
conventional  ventilation  (Table  2).  First,  peak  and  mean 
airway  pressures  and  lung  compliance  on  both  sides  should 
be  noted  prior  to  ventilatory  changes.  Knowledge  of  the 
pressures  on  the  diseased  side  is  necessary  in  order  to 
estimate  what  pressures  the  fistula  will  tolerate  without 
reopening;  the  contralateral  pressures  are  important  because 
it  is  these  pressures  that  result  in  the  bulk  of  the  gas 
exchange,  especially  whU  unilateral  sesere  restrictive 
disea.se. 

If  lung  compliance  is  similar  in  the  lv\o  lungs,  bilateral 
ventilation  can  be  reestablished  with  little  concern  for  re- 
opening the  BPF  as  long  as  the  peak  and  mean  pressures 
arc  kcpl  at  or  below  the  previously  tolerated  pressures,  A 
trial  of  bilateral  ventilation  is  best  accomplished  by  adapt- 
ing the  DLT  to  a  single  ventilator  (adapter  supplied  with 
the  DLT).  If  acceptable  gas  exchange  occurs  without  re- 
opening the  HP!-'.  Ilie  DLT  should  he  converted  to  a  single 


r^hlL-  2.       Proposed  Steps  In  the  Ciiincision  ol  Hiiih  Froi.|uciiL>  Jcl 
Venlilation-Indepeiidenl  Lung  Vl'ii1iI;iIioii  Io  Cuiucnliunal 
Bilateral  Ventilation 

I    Resolve  bronchopleural  fistula  (BPF) 

2-   Record  lung  compliance  along  with  peak  mspiraloiA  pressure  (PIPi 
and  mean  airway  pressure  bilaterally 

.V   Institute  pressure  control  (PC)  ventilation  on  tlie  side  ol  tlie  BPI-  ,it 
the  above  PIP.  set  continuous  positive  air«a\  pressure  to  maintain 
the  mean  airway  pres.sure  at  the  level  ol  previous  HFJV  settings; 
arterial  blood  gas  analysis  (ABGl 

4    11  alveolar  recruitment  needed,  increase  PIP  by  2  cm  H,0:  ABC 

,s    Once  alveolar  recruitment  is  no  longer  needed,  convert  double 
lumen  endotracheal  tube  (DLT)  to  a  functional  single  lumen  with 
the  2  into  I  circuit  adapter  supplied  with  the  DLT.  set  PC 
ventilation  to  setting  used  on  the  uninvol\ed  side  (may  result  in 
reduced  ventilation  to  the  poorly  compliant  lung  il 
impedance/resistance  is  high,  leading  to  alveolar  collapse):  ABG 

6,  If  ABG  is  acceptable,  change  DLT  to  single  lumen  tube  and  wean 
on  intermittent  mandatory  ventilation  uith  PC  xenlilation  and 
pressure  support  ventilation 

7.  11  ABG  unacceptable,  repeat  step  4 


lumen  lube.  We  prefer  to  use  pressure  control  ventilation 
in  the  intermittent  mechanical  ventilation  mode  with  pres- 
sure-support \entilation  for  subsequent  mechanical  venti- 
latory support. 

If  there  is  a  marked  discrepancy  in  compliance,  espe- 
cially if  lung  consolidation  and  pneumonia  exist,  we  prefer 
to  maintain  ILV  using  pressure  control  on  the  di.seased 
lung  in  an  attempt  to  '"focus"  the  alveolar  recruitment  to 
the  noncompliant  lung.  This  attempt  at  focused  recruit- 
ment is  done  to  promote  lung  drainage.  Pressure-control 
ventilation  is  initiated  on  the  side  of  the  fistula  starting  at 
or  just  below  the  previously  tolerated  peak  inspiratory  pres- 
sure, and  the  continuous  positive  airway  pressure  is  ad- 
justed to  establish  the  previously  tolerated  mean  pressure. 
While  observing  the  chest  tube  for  fistula  How.  the  peak 
inspiratory  pressure  is  increased  in  increments  of  2  cm 
H,0  until  an  acceptable  tidal  volume  is  attained.  Since 
disparity  in  lung  compliance  may  persist  for  weeks  in 
some  di.sease  states,  conversion  to  bilateral  ventilation  may 
he  delayed  or  done  under  less  than  ideal  pulmonary  cir- 
cumstances. In  the  face  of  lung  compliance  disparity,  con- 
version to  bilateral  ventilation  may  result  in  underinllation 
and  worsened  consolidation  of  the  diseased  lung  due  to 
gas  How  di\ersion  tivvtiy  from  the  poorly  compliant  lung. 

Suinmary 

We  have  reported  a  case  of  ;i  BPF  that  successlullv 
lesolved  with  ILV  and  HFJV.  Iheiapy  of  BPF  iinnhes 
healing  of  the  fistula  and  maintenance  of  adequate  tilveolar 
ventilation  during  the  period  of  venlihilory  loss.  A  logical 
strategy  for  treatment  of  this  dillictilt  clinical  ptDbleni  has 
been  piesented. 
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Introduction 

Tlic  MiCLCssful  introduction  of  surfactant  therapy  into 
clinical  care  is  testimony  to  the  value  of  basic  science 
research.  There  are  few  better  examples  in  medicine  of 
how  discoveries  made  in  the  laboratory  can  be  directly 
translated  into  improved  clinical  care. 

The  seeds  of  this  advance  were  sown  in  the  early  1 9th 
century  with  the  observations  of  Pierre  Simon  de  Laplace. 
In  his  theory  of  capillary  action  LaPlace  described  the 
relationship  of  trans-surface  pressure  and  surface  tension 
at  a  gas-fluid  interlace  in  a  sphere: 

/'is  =  2yh: 

where  Pj^  is  the  trans-surface  or  distending  pressure,  y  is 
surface  tension,  and  r  is  the  radius  of  curvature  of  the 
sphere. 


DdUflas  F  Willson  MD.  Diicclor  ol  \']CV  aiul  Division  ol  l\-di;ilric 
Critical  Cure.  Children's  Medical  Ccnicr,  tJrnvcisity  ol  Virginia.  Cliar- 
loitesville.  Virginia. 

Correspondence:  Douglas  F  Willson  MD.  Division  ol  Pedialric  Critical  Caie. 
Box  Ml.  University  of  Virginia  lleullh  .Sciences  Center.  Charlottesville.  VA 
22yOS;  email;  drw4ni("'avery. ntecl.virginia.edu. 


More  than  a  century  later,  von  Neergaard'  applied  this 
concept  of  a  "tension"  existing  between  gas-fluid  inter- 
faces to  explain  his  observations  on  the  pressure:volunie 
relationship  of  the  excised  dog  lung  (Fig.  1).-.  He  ob- 
served that  greater  pressure  was  needed  to  inflate  the  lung 
with  air  than  with  a  gum  arabic-saline  solution  and  hy- 
pothesized this  was  due  to  the  work  required  to  overcome 
surface  tension  at  the  alveolar  air-fluid  interface  predicted 
by  Laplace" s  theory.  Inflation  with  fluid  eliminated  this 
interface  and  thus  required  lower  pressure. 

Twenty  years  later.  Macklin'  postulated  the  existence  of 
a  continuous  "mucoprotein"  lining  in  the  lung  that  had  the 
surface  tension-lowering  properties  observed  by  von  Neer- 
gaard. In  1955,  Pattle^  extracted  a  "waxy  substance"  from 
lung  washings  having  such  surface  tension-lowering  prop- 
erties. Clements^  subsequently  conflrmed  that  Pattle"s  waxy 
substance  indeed  greatly  lowered  surface  tension  in  vitro 
when  compressed  using  a  modifled  Wilhelmy  balance.  It 
remained  for  Avery  and  Mead"  to  demonstrate  that  this 
substance  was  missing  IVoni  the  lungs  of  preterm  infants 
and  Fujiwara  ci  aT  (along  wiih  many  others)  to  produce 
and  successfully  use  surfactant  replacement  for  preterm 
babies  with  infantile  respiratory  distress  syndrome  (RDS). 

The  release  of  surfactant  for  clinical  use  in  the  United 
States  by  the  Food  and  Drug  Administration  in  1990  re- 
sulted in  an  iitimcdiale  and  measiirahle  ivvliiclion  in  pcri- 
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Fig.  1 .  The  original  data  of  von  Neergard  (1 929)  are  plotted  in  (a)  for  liquid-and  air-filled  lungs,  showing 
how  the  pressure  to  inflate  with  air  is  appreciably  higher  than  that  needed  to  inflate  with  fluid.  Also 
depicted  is  the  traditional  interpretation  by  which  the  difference  in  recoil  has  been  attributed  to  a 
continuous  liquid-air  interface,  ie,  to  a  'bubble'  lining,  which  would  be  eliminated  by  liquid  filling  as 
illustrated  in  (b).  (From  Reference  2,  with  permission.) 


natal  mortality  and  morbidity.'*  The  u.se  of  exogenous 
surfactants  for  treatment  of  lung  injury  beyond  the  neona- 
tal period  is  only  now  being  studied  but  may  offer  similar 
promise. 

Surface  Tension  and  Surfactant 

Surface  tension  is  the  consequence  of  the  imbalance  in 
opposing  forces  at  the  interface  between  two  phases  of 
matter.  Using  as  an  example  the  interface  or  "surface" 
between  a  liquid  and  a  gas  (Fig.  2),  the  intermolecular 
forces  in  the  liquid  state  are  stronger  than  those  in  the 
gaseous  state.  This  results  in  molecules  at  the  liquid  sur- 
face being  disproportionately  pulled  back  into  the  fluid, 
creating  a  pressure  or  tension  at  the  surface  that  resists 
disruption.  Pulling  surface  molecules  out  of  the  liquid  re- 
quires more  energy  than  moving  subsurface  molecules 
through  the  liquid.  It  is  this  tension,  for  example,  that 
allows  a  steel  needle  to  float  on  the  surface  of  the  water 
despite  the  needle's  greater  density.  In  a  spherical  con- 
struct, such  as  a  bubble,  these  surface  interactions  increase 
as  the  bubble  gets  smaller  (in  accordance  with  Laplace's 
law)  and  cause  it  to  collapse  upon  itself. 

Surfactants  are  substances  capable  of  modifying  the  sur- 
face tension  between  interfaces.  In  biologic  systems,  this 
primarily  means  interfaces  involving  air  and  aqueous  so- 
lutions. Most  biologic  surfactants  are  ampliipathic  mole- 


Molecule 
at  fhe  surface 


Intermolecular 
forces 


Molecule  In 
bulk  of  liquid 


Fig.  2.  Depicting  the  sphere  of  intermolecular  forces  for  a  molecule 
in  the  bulk  of  liquid  and  how  this  becomes  a  hemisphere  with  a  net 
force  of  attraction  toward  the  bulk  of  the  liquid  when  that  molecule 
is  relocated  at  the  surface.  (From  Reference  9,  with  permission.) 

cules — that  is,  molecules  with  combinations  of  hydrophilic 
(water  loving)  and  hydrophobic  (water  hating)  functional 
groups  or  moieties.  Amphipathic  molecules  adsorbed  at  an 
aqueous  interface  orient  with  the  hydrophilic  moiety  aligned 
to  the  aqueous  phase  and  the  hydrophobic  moiety  aligned 
to  the  nonaqueous  phase — in  effect  creating  a  new  inter- 
face. This  new  interface  has  less  "surface  energy"  or  "ten- 
sion" because  the  attraction  of  the  hydrophilic  moiety  to 
the  aqueous  phase  is  balanced  by  the  repulsion  of  the 
hydrophobic  moiety.  Amphipathic  molecules  thus  act  as 
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bridges  111'  iransiiiuns.  sLihstiiuiiiii;  iheir  high  inicrnal  chem- 
ical bond  energy  (IVom  the  close  internal  proximity  of 
hydrophilie  and  hydrophobic  moieties)  for  surface  energy. 

In  addition  to  their  surface  tension-lowering  properties, 
surfactants  spontaneously  form  surface  films  at  gas-tluid 
interfaces,  a  process  known  as  adsorption.  For  example. 
the  phospholipid  mixtures  found  in  inost  biologic  surfac- 
tants will  rapidly  form  a  monomolecular  film  at  an  air- 
water  interface,  with  the  polar  hydrophilie  phospholipid 
head  groups  oriented  to  the  fluid  surface  and  the  hydro- 
phobic fatty  acid  "tails"  extending  into  the  air.  Both  the 
speed  and  degree  of  adsorption  (or  spreading)  are  inherent 
properties  of  the  surfactant. 

Although  not  an  entirely  accurate  description,  the  lung 
can  be  thought  of  as  a  (very)  large  nuinber  of  intercon- 
nected "bubbles."  These  bubbles  form  the  interface  be- 
tween the  gaseous  environment  and  the  wet  alveolar  sur- 
face. If  this  interface  were  solely  between  air  and  water 
(ie.  without  surfactant),  then  three  consequences  would 
ensue:  ( I )  It  would  take,  at  each  breath,  considerable  dis- 
tending pressure  (comparable  to  the  estimated  80-90  cm 
HiO  pressure  required  with  a  baby's  first  breath)  to  ex- 
pand the  lung:  (2)  the  lung  would  rapidly  collapse  during 
exhalation;  (3)  alveolar  size  in  the  lung  would  need  to  be 
fairly  uniform  or  alveoli  with  large  radii  would  tend  to  be 
better  ventilated  than  smaller  alveoli,  and  smaller  alveoli 
would  tend  to  empty  into  larger  ones.  Indeed  it  was  the 
deviation  from  these  expected  behaviors  that  suggested  the 
existence  of  surface-active  substances  in  the  lung. 

Pulmonary  surfactant  functions  to  lower  surface  tension 
at  all  lung  voluines.  but  of  more  importance,  it  decreases 
surface  tension  as  alveolar  surface  decreases.  As  illus- 
trated in  Fig.  3.'"  surface  tension  at  a  water-surfactant-air 
interface  approaches  zero  at  low  relative  area  (the  film  is 
compressed)  and  increases  with  expansion  of  the  film. 
Decreased  surface  tension  with  compression  is  due  to  tighter 
packing  of  phospholipids  and  the  resultant  exclusion  of 
water  inolecules  from  the  surface  layer.  If  surface  tension 
did  not  decrease  with  compression  of  the  surfactant,  ah  e- 
oli  of  different  size  would  require  different  distending  pres- 
sures (Laplace's  Law,  A  P  =  2ylv.  where  y  is  surface 
tension  and  r  is  the  radius).  Small  alveoli  would  empty  into 
large  ones,  and  there  would  be  an  increasing  propensity  foi- 
the  lung  to  either  collapse  or  coalesce  into  a  smaller  num- 
ber of  large  "bubbles"  as  lung  volinne  diminished.  In  sum- 
mary, it  is  not  only  that  surfactant  decreases  surface  ten- 
sion but  that  it  reduces  it  lo  a  greater  degree  at  low  lung 
volume  and.  thus,  ccnuiieracls  the  effect  of  decreasing  al- 
veolar size. 

Coniposilioii  of  .Siiri'iictaiit 
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Fig.  3A.  Langmuir-Wilhelmy  balance  for  the  measurements  of  sur- 
face tension.  Liquid  containing  a  surface-active  agent  is  placed  in 
the  trough.  Surface  tension,  measured  as  the  force  on  the  plati- 
num strip  suspended  from  a  transducer,  is  continuously  recorded 
as  the  movable  barrier  changes  the  surface  area  of  the  air-liquid 
interface.  B.  Surface  tension-area  relationships  of  water,  water 
with  detergent,  serum,  and  alveolar  washings  obtained  in  a  Lang- 
muir-Wilhelmy balance.  The  lung  washings  show  a  change  in  sur- 
face tension  with  area,  with  different  values  of  surface  tensions 
obtained  during  compression  and  expansion  (hysteresis).  Mini- 
mum surface  tension  is  close  to  zero.  The  surface  tension-area 
relationship  of  washings  from  a  surfactant-deficient  lung  resemble 
that  of  serum  (small  hysteresis  and  high  minimum  surface  tension). 
(From  Reference  10.  with  permission.) 


constitute  the  majoi- component  (SO'i  b\  weight),  with  the 
majority  consisting  of  phosphatidylcholine  (saturated  and 
unsaturated).  The  phospholipid  components  in  surfactant 
are  not  unique:  they  are  found  in  most  biologic  mem- 
branes. Neutral  lipids  make  tip  10%  (mostly  cholester- 
ol), and  proteins  constitutes  the  remainder.  It  is  likely  that 
each  ol  the  components — as  well  as  the  balance  ol  com- 
ponents— is  important  in  adsorption,  film  formatit)n.  and 
the  behaxior  of  the  film  at  the  alveolar  surface.  .Synthetic 
mixtLires  of  phosplmlipids  alone  (eg.   Hxosurf.'"  ALEC) 


Natuial  suriaclant  is  a  complex  inixluie  ol  phospholip- 
ids, ncuiial  lipids,  ami  protein  (Table  I).''  I'liosphohpids 


■Suppliers  lit  LtinmiLTLial  prcHlikls 
sCLlicin  ;il  Ihc  ciul  ol  ihc  ic\t 


idcntiliL-il  in  Ihc  PiodiKl  Siniii. 


1072 


Rl  SI'lk  AIOKI    C'AKI    •  1)1  (I  AIHI-.K  '^)'t'>  Voi.  43  N(J    12 


Surfactant  in  Pediatric  Rhspiratory  Failure 


ConipoMlioii  1)1  PulnioiiaiA  SuilucUint.' 


SmiiiLliiiU  ApcipKitcins 


Component 


Lipid 

Phospholipid 

Saturated  phosphatidylcholine 
Unsatiiiated  phosphatidylcholine 
Phosphalidylglycerol 

Other  phospholipids 

Neutral  lipids 

Other  lipids 
Proteint 

Loosely  associated,  mainly  serunit 

Apoproteins 


90-95 

78 

45 

20 

8 

5 

10 

2 

5-10 

0-5 

5-10 


■ValueN  are  the  approximate  percentage  masses  of  individual  componenls  in  surfactant 
isolated  from  alveolar  wahsings  by  sedimentation  and  density  gradient  centrifugation.  This 
inaterial  contains  many  different  surfactant  structures,  including  lamellar  body  contents, 
tubular  myelin,  and  variably  sized  vesicles.  The  composition  of  each  structure  may  diffei  from 
the  average  composition  presented. 

tThe  protein  content  varies  as  a  function  of  the  purification  procedure  used.  Serum  proteins 
arc  the  major  loosely  associated  protein  group,  but  several  lung-specific  proteins  that  have  no 
known  role  in  surfactant  function  also  have  been  idenlitled  in  surfactant  preparations. 
From  iclciencc  1  I.  uilh  permission 


may  have  siinilaf  surface  tension-lowering  activities  in 
vitro  but  are  less  effective  than  natural  surfactants  in  vivo, 
probably  because  of  differences  in  adsorption  and  film 
formation. 

The  protein  content  of  pharmacologic  surfactant  prepa- 
rations is  variable  and  determined  largely  by  the  extraction 
process  used.  Four  surfactant  proteins  have  been  identi- 
fied, usually  refeiTcd  to  as  surfactant-associated  proteins 
A.  B,  C.  and  D  (SP-A.  -B.  -C.  and  -D)  (Table  2).'-  SP-A 
is  a  large,  collagen-like  glycoprotein  with  a  molecular 
weight  of  26,000-36,000  kDa  and  is  the  most  abundant  of 
the  surfactant-associated  proteins,"  '-'^  It  forms  large  oli- 
gomers that  are  remarkably  similar  to  CI  q,  a  subunit  of  the 
first  component  of  complement.  Because  the  molecule  is 
hydiophilic,  it  is  excluded  in  the  extraction  process  of 
currently  available  "naturar"  surfactants.  SP-A  is  thought 
to  be  important  in  the  regulation  of  surfactant  metabolism 
and  in  the  formation  of  tubular  myelin  (see  below  in  this 
section)."'  Its  complement-like  structure  suggests  it  may 
also  play  a  role  in  immune  function.'^ 

Another  hydiophilic  surfactant-associated  protein.  SP-D. 
has  been  recently  identified.  As  with  SP-A,  it  is  a  collag- 
en-like protein  that  forms  large  oligomers.  The  role  of 
SP-D  is  unclear.'^ 

The  other  two  surfactant-associated  prolems,  SP-B  and 
SP-C,  are  hydrophobic  molecules  and  extract  with  the  phos- 
pholipids in  natural  surfactants.  These  are  both  relatively 
small  proteins  that  are  present  in  approximately  equal 
amounts  ( I  %-2%  of  surfactant  by  weight).  Both  are  thought 
to  play  a  major  role  in  adsorption  of  surfactant,  and  SP-B 
may  also  participate  in  tubular  myelin  formation.''' 
The  presence  of  SP-B  and  SP-C  is  likely  the  primary  rea- 


Prepro- 

Name         piolcin 

(kDa)* 


Post- 
translational       Protein  (kDa)t 
modifications 


Possible 
(unctions 


28.000         Signal  peptide      28,000-38.000  Tubular  myelin 


cleavage 
Glycosylation 
Hydroxylation 
Acetylation 
Sulfation 

Oligoiiieiization 
SP-D         4().()()()         Signal  peptide 
clea\age 
Glycosylation 

Oligomerization 
SP-B  43,000         Signal  peptide 

cleavage 
Glycosylation 
Proteolytic 
processing 
SP-C  21,000         Proteolytic 

cleavage 


lormtiiioii 
Adsorption 
Secretion 
Recycling 
Macrophage 

phagocytosis 

Pathogen 

agglutination 
Viral 

infectivily 

Tubular  myelin 

formation 
Adsorption 


4000  Adsorption 


SP  =  surfactant-associated  protein. 

^'Molecular  weight  of  primary  translation  product  predicted  from  cDNA  sequence. 

iMolecular  weight  determined  by  polyacrylamide  gel  electrophoresis  in  the  prcseiK 

sodium  dodecyl  sulfate  and  disullide-rcducing  agents 

From  reference  12.  with  permission 


son  for  the  greater  efficacy  of  natural  relative  to  synthetic 
surfactants. 

Surfactant  Metabolism 

The  metabolism  of  surfactant  is  complex  and  incom- 
pletely understood  (Fig.  4).-"  Surfactant  is  synthesized 
solely  in  the  type  II  alveolar  pneumocyte.  The  phospho- 
lipid components  are  synthesized  in  the  endoplasmic  re- 
ticulum and  transported  through  the  Golgi  apparatus  to  the 
lamellar  bodies.-'  Surfactant-associated  proteins  are  trans- 
lated in  the  usual  fashion  but  then  undergo  extensive  post- 
translational  processing.  SP-A  is  highly  glycosylated  and 
at  some  point  after  glycosylation  forms  large  oligomers 
before  joining  the  phospholipid  components  in  the  lamel- 
lar bodies.--  Both  SP-B  and  SP-C  are  synthesized  as  pre- 
pro-proteins  and  undergo  posttranslational  clea\  age.-'  Both 
are  found  in  lamellar  bodies. 

The  lamellar  bodies  are  subcellular  organelles  that  are 
secreted  from  type  II  alveolar  cells.  They  are  composed  of 
tightly  packed  membrane-like  structures,  the  composition 
of  which  is  identical  to  the  surfactant  isolated  from  the 
alveolar  space.  The  core  of  the  lamellar  bodies  contains 
electron-dense  material  that  appears  to  be  protein.--'-'^  La- 
mellar bodies  make  their  wav  to  the  cell  surface  and  are 


Respiratory  Care  •  December  '98  Vol  43  No  12 


1073 


Slirfactant  in  Pediatric  RESPlRATOR^■  Far  are 


Surtactanl  monolayer 


Type  II  cell  - 


Fig.  4.  Schematic  diagram  of  surfactant  metabolism.  Generally  accepted  pathways  are  indicated 
by  solid  arrows.  Less  well-substantiated  pathways  are  indicated  by  broken  arrows.  N  =  nucleus; 
ER  =  endoplasmic  reticulum;  CB  =  composite  body;  LB  =  lamellar  body;  TM  =  tubular  myelin; 
1  =  secretion  of  LB;  2  =  conversion  of  LB  into  TM;  3  =  generation  of  monolayer  from  TM  material; 
4  =  formation  of  small  aggregate  material  from  monolayer;  5  =  reuptake  of  surfactant  material. 
(From  Reference  20,  with  permission.) 


extruded  to  seemingly  unwind  over  liie  alveolar  .surface 
into  a  lattice-like  construction  called  tubular  myelin.-''  Dur- 
ing this  process,  the  tubular  myelin  becomes  studded  with 
regularly  spaced  particles,  which  are  thought  to  be  SP-A.-^ 
The  ne.xl  step  involving  adsorption  of  phospholipid  from 
this  tubular  myelin  structure  onto  the  alveolar  surface  film 
is  not  understood,  but  the  alveolar  surface  film  is  com- 
posed of  nearly  pure  dipalmitoylphosphatidylcholine 
(DPPC).-'* 

The  half-lime  lor  turnovei'  ol  luiman  aKcolar  surfactant 
is  not  known,  but  in  animals,  such  as  rats  and  rabbits,  it  is 
5-\()  hours.-''  Secretion  and  clearance  are  balanced,  with 
90%  of  the  surfactant  being  recycled  by  the  type  II  pneu- 
mocyle.  Studies  using  labeled  surfactant  introduced  into 
the  airways  showed  that  the  majority  are  taken  up  directly 
by  the  pneuinocyte.  repackaged  in  lamellar  bodies,  and 
eventually  re-secreted. '"  Alveolar  macrophages  aie  respon- 


sible for  the  remaining  10%  of  clearance."  Several  fac- 
tors, including  hyperventilation.'-  /3  agonists."  corticoste- 
roids.'-* leukotrienes."  prostaglandins.''^  and  adenosine, -'■'' 
increase  surfactant  secretion  and  clearance,  but  direct  and 
indirect  evidence  suggests  that  SP-A  is  a  primary  regulator 
of  surfactant  metabolism."'" 

Slirfactant  in  Acute  Lung  Injury 

Ashhaugh  et  al"*  and  Petty  and  colleagues"'-*"  in  their 
original  descriptions  of  (acute)  adult  RDS  (acute  respira- 
tory distress  .syndrome  |ARDS|)  commented  on  its  simi- 
larity with  infantile  RDS  and  speculated  that  injury  to  the 
surlaclanl  system  might  be  responsible.  Given  the  impor- 
laiicc  of  surfactant  in  normal  pulmonary  finiction.  it  is 
templing  to  place  surfactant  dyslunclion  at  Ihe  core  of 
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Precipitating  Lung  Injury 


Alveolar- Capillary 
Damage 


Altered  Alveolar 
Surfactant  Metabolism 


Alteration  of  Type  II 
Pneumocytes 


Increased  Permeability 

•  Endothelial 

•  Epithelial 


Abnormal  Surfactant 
Aggregate  Forms 


Altered  Surfactant 

•  Synthesis 

•  Secretion 

•  Composition 


Pulmonary  Edema      •4- 


Surfactanl  Inactlvatlon 


Surfactant  Dysfunction 

•  Qualitative 

•  Quantitative 


Alveolar  Filling  4/-  Atelectasis 


^ 


^ 


I  FRC 


I  Compliance 


I  Shunt 


Fig.  5.  Flow  diagram  summarizing  the  role  of  altered  endogenous  surfactant  in  tine  pathogenesis  of  acute  respi- 
ratory distress  syndrome.  Included  are  various  mechanisms  contributing  to  altered  surfactant  function.  (From 
Reference  41,  with  permission.) 


many  types  of  acute  lung  injury  (Fig.  5).""  However,  while 
the  central  role  of  surfactant  dysfunction  in  infantile  RDS 
is  well  established,  the  evidence  in  other  causes  of  respi- 
ratory failure  is  more  tenuous.  Nonetheless,  irregularities 
in  surfactant  pool  size,  changes  in  composition  and  me- 
tabolism, and  inactivation  of  surfactant  have  all  been  de- 
scribed in  ARDS  and  other  types  of  acute  lung  injury. 

Evidence  for  altered  surfactant  pool  size  in  acute  lung 
injury  is  inconsistent;  decreased.-^---*-*  unchanged,-*^  ■*'"  and 
increased^^-^'^  pool  size  have  all  been  reported.  The  con- 
fusion undoubtedly  reflects  the  difficulty  in  quantitation  of 
material  obtained  from  bronchoalveolar  lavage,  the  stan- 
dard methodology  used  to  make  these  estimates.  Phospho- 
lipid recovery  needs  to  be  standardized  to  markers  of  al- 
veolar fluid  volume,  but  no  ideal  standard  has  been 
identified.  It  is  also  likely  that  different  injuries  may  have 
quite  different  effects.  For  example,  prolonged  exposure 
of  rabbits  to  85%  oxygen  results  in  type  II  alveolar  cell 
hyperplasia  and  increased  surfactant  secretion,-*''  whereas 
100%  exposure  decreases  alveolar  cell  number  and  sur- 
factant secretion .-*''  At  present,  no  firm  conclusions  regard- 
ing the  effects  of  acute  lung  injury  on  surfactant  pool  size 
can  be  drawn. 

Alteration  in  the  composition  of  surfactant,  however, 
has  been  a  consistent  finding  in  both  animal  and  human 


studies  of  acute  lung  injury.  Decreased  surfactant-associ- 
ated proteins  for  patients  with  ARDS  and  at  high  risk  for 
ARDS  have  been  described.-'''  A  consistent  finding  is  de- 
creased relative  quantities  of  saturated  phosphatidylcho- 
line and  phosphatidylglycerol  in  conjunction  with  increased 
phosphatidylinositol,  sphingomyelin,  and  lysophosphati- 
dylcholine.-^"  Furthermore,  these  abnormalities  reverse  with 
recovery  from  acute  lung  injury.^'  The  relationship  of  these 
abnormalities  in  surfactant  composition  to  lung  dysfunc- 
tion is  not  known,  although  several  studies  have  shown 
that  surfactant  isolated  from  animal  lung  injury  models  has 
abnormal  surface  activity.^'"-'^' 

Several  lines  of  evidence  provide  support  that  surfactant 
metabolism  may  be  altered  in  acute  lung  injury.  Animals 
injured  with  hyperoxia  have  decreased  incorporation  of 
surfactant  precursors  into  lung  tissue  that  reverses  with 
recovery.''-*-'''  Several  animal  models  of  lung  injury  have 
shown  more  rapid  conversion  of  large  surfactant  aggregate 
to  small  surfactant  aggregate  forms — a  form  that  has  very 
poor  surface  tension-lowering  properties. '^^'^^  Human  bron- 
choscopic  alveolar  lavage  specimens  from  patients  with 
ARDS  have  shown  increased  levels  of  proteases  and  al- 
terations in  the  density  profiles  of  surfactant.'''* 

The  most  consistent  surfactant  abnormality  seen  in  acute 
lung  injury  has  been  inactivation  by  protein.  Albumin. 
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hciiKiglobin.  t'ihiin.  coiiiplcmcnl.  and  olhcr  proteins  that 
may  gain  access  to  the  alveolar  space  secondary  to  injury 
to  the  alveolar-capillary  membrane  can  be  shown  in  vitro 
to  diminish  surfactant's  surface  tension-reducing  proper- 
ties.^'' ''-  Proteins  compete  with  surfactant  for  the  air-tluid 
interface  and  interfere  with  monolayer  formation.  In  this 
way.  regardless  of  the  initiating  event,  permeability  pul- 
monary edema  can  result  in  surfactant  inactivation  and  in 
the  diminished  lung  compliance,  increased  intrapulmonary 
shunting,  and  atelectasis  characteristic  of  ARDS  (see  Fig. 
5 ).'"'  Of  interest,  the  surfactant  appears  to  be  unaltered,  as 
it  can  be  shown  to  have  normal  activity  when  separated 
from  the  protein  by  simple  centrifugation. 

Other  factors  inay  also  be  involved  in  surfactant  dys- 
function. Oxygen-free  radicals,"^  "^  cytokines,'*  phospho- 
lipases,  and  protea.ses''^  ''**  released  by  activated  leukocytes 
may  inactivate  surfactant  directly.  It  is  also  likely  that 
direct  injury  to  type  II  alveolar  cells  may  lead  to  decreased 
surfactant  synthesis  and  secretion.  Loss  or  injury  to  these 
cells  may  also  impact  the  reuptake  and  clearance  of  small 
aggregate  surfactant,  leading  to  loss  of  suifactant  precursors. 

In  summary,  there  is  ample  evidence  of  suifactant  dys- 
function in  many  cau.ses  of  acute  lung  injury.  The  degree 
of  dysfunction  may  actually  correlate  with  the  severity  of 
respiratory  failure,  as  shown  by  Pison  et  aH"  in  trauma 
patients.  How  much  surfactant  dysfunction  contributes  to 
ultimate  morbidity  and  mortality  is  less  clear  and  is  likely 
dependent  on  the  particular  type  and  degree  of  lung  insult. 
Furthermore,  it  is  important  to  realize  that  pulmonary  in- 
jury is  not  a  static  phenomenon.  For  example,  the  initial 
injury  to  the  capillary-alveolar  membrane  in  ARDS  evolves 
from  an  exudative  phase  to  intense  intlammation.  ending 
in  a  proliferative  and  fibrotic  stage.  The  superimposition 
of  barotrauma  from  ventilatory  support  further  confounds 
the  pathology.  The  role  surfactant  dysfunction  plays  is 
almost  certainly  dependent  on  the  stage  of  the  disease  in 
question.  While  academic,  these  issues  are  important  to 
consider  when  evaluating  the  potential  efficacy  of  exoge- 
nous surfactant  as  a  therapy. 

Surfactant  Therapy 

Even  if  surfactant  dysfunction  is  at  the  core  of  the  dis- 
turbed physiology,  it  does  not  necessarily  follow  that  sur- 
factant administration  will  be  a  panacea  or  even  salutary  in 
acute  lung  injury.  Data  from  animal  studies  and  preterm 
infants  are  encouraging,  but  there  have  been  very  few 
studies  in  adults  or  children  beyond  the  neonatal  period. 
What  follows  is  primarily  gleaned  from  these  sources  and 
from  the  few  non-neonatal  studies  published  to  dale;  how- 
ever, more  work  needs  to  be  done  before  firm  conclusions 
can  be  drawn. 


Types  of  Surfactant 

Surfactant  composition  is  very  similar  lor  all  mamma- 
lian species.  Four  different  types  of  exogenous  surfactants 
have  been  studied  in  animal  and  human  trials:""  natural,  inod- 
ified  natural,  anificial,  and  synthetic  natural  suifactants. 

Natural  surfactants  are  those  that  are  recovered  from 
lung  or  amniotic  fluid,  contain  large  surfactant  aggregates, 
and  have  excellent  surface-active  properties.  Unfortunately, 
they  are  also  difflcult  to  manufacture  and  carrv  an  infec- 
tion risk. 

Modifled  natural  surfactants  are  sterile  lipid  extracts  of 
minced  lung  or  alveolar  lavage  that  have  been  modifled  by 
the  addition  or  removal  of  compounds.  In  the  lipid-extrac- 
tioii  process,  the  hydrophilic  surfactant-associated  proteins 
A  and  D  are  excluded,  but  the  hydrophobic  surfactant- 
associated  proteins  B  and  C  are  not.  Modified  natural  sur- 
factants generally  have  excellent  surface  activity  both  in 
vitro  and  in  vivo. 

Artiflcial  surfactants  are  simply  mixtures  of  synthetic 
compounds  that  may  or  may  not  resemble  the  lipid  com- 
position of  natural  surfactant.  These  compounds  behave 
similarly  to  natural  surfactants  in  vitro  but  tend  to  be  less 
effective  in  vivo,  perhaps  because  of  differences  in  ad- 
sorption at  the  air-fluid  interface;  however,  they  are  inex- 
pensive and  cairy  no  infection  risk. 

Synthetic  natural  surfactants  are  artiflcial  surfactants  w  ith 
genetically  engineered  surfactant-associated  proteins 
added.  These  are  not  currently  available  but  are  likely  to 
be  in  the  future,  as  the  genes  for  the  surfactant  associated 
proteins  have  been  identified  and  cloned.'"" 

The  various  surfactant  preparations  that  have  been  sub- 
jected to  clinical  trials  have  been  reviewed  elsewhere. '- 
Currently,  only  three  surfactant  preparations  have  been 
approved  for  clinical  use  in  the  United  States:  Survanta, 
Exosurf,  and  Infasurf.  Survanta  is  made  from  minced  bo- 
vine lung,  to  which  is  added  DPPC,  tripalmitin,  and  palmitic 
acid.  Exosurf  is  a  synthetic  mixture  of  DPPC  with  hexa- 
decanol  and  tyloxapol  added  to  improve  adsorption.  Infa- 
surf is  an  unmodifled  lipid  extract  of  calf  lung  washings. 

Subtle  differences  in  surfactant  composition  may  be  im- 
portant in  efficacy.  The  modified  natural  surfactants  have 
been  shown  to  be  superior  to  artificial  surfactants  at  im- 
proving oxygenation,  decreasing  mortality,  and  lowering 
the  incidence  of  retinopathy  and  bronchopulmonary  dys- 
plasia (BPD)  in  human  neonates. ''  *'-  Studies  in  animals 
suggest  that  natural  surfactants  resist  inactivation  by  pro- 
Icin  and  spread  more  rapidly  at  the  alveolar  surface.'"^"' 
Comparison  of  two  different  natural  surfactants  in  lambs, 
beractant  (Survanta)  and  CLSE  (Infasurf),  have  shown  dif- 
Icrences  in  duration  of  improvement  in  oxygenation  and 
lung  compliances^'*"  Thus  all  surfactants  are  not  equiva- 
lent, and  cfflcacy  may  be  somewhat  dependent  on  the 
lormulalion  used. 
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Timing  of  Administration 

Diminished  JLiiii:  compliance  is  one  of  the  early  hall- 
marks of  ARDS  and  is  associated  with  surfactant  dysfunc- 
ijj,i,  4-1 -111  so  Diminished  lung  compliance  may  necessitate 
increased  ventilator  pressures  or  volumes  (or  both)  to  main- 
tain oxygenation  and  ventilation  that  can.  in  turn,  lead  to 
lurther  lung  injury.  Even  relatively  short  periods  of  high- 
pressure  ventilation  can  lead  to  capillary  fracture  and  in- 
creased transmural  protein  tlux  into  the  alveolus.'*^-*'''  Sur- 
factant replacement  therapy  changes  lung  volumes, 
compliance,  gas  exchange,  and  time  constants  toward  those 
of  normal  lungs  and  may  thus  allow  avoidance  of  venti- 
lator-induced king  injury.  In  preterm  animal  models,  early 
surfactant  replacement  before  ventilation  is  established  pre- 
vents the  development  of  bronchiolar  epithelial  injury  and 
subsequent  lung  damage.'"''"  Similarly,  studies  in  preterm 
human  infants  at  high  risk  for  development  of  RDS  have 
shown  that  early  (prophylactic)  treatment  is  superior  to 
treatment  given  once  RDS  has  developed."-"'  This  may  be 
related  to  avoidance  of  ventilator-induced  lung  injury  due 
to  improved  lung  compliance  with  surfactant  adininistra- 
tion  and  to  more  uniform  distribution  of  surfactant  when  it 
is  administered  before  significant  ventilator-induced  lung 
injury  occurs. 

The  pathophysiology  of  ARDS  is  complex,  but  there  is 
increasing  evidence  that  the  high  ventilator  pressures  and 
V  olumes  often  needed  for  support  inay  exacerbate  existing 
lung  injury.  The  lung  becomes  increasingly  heterogeneous, 
with  a  large  proportion  of  alveoli  atelectatic  or  filled  with 
lluid.  leaving  oxygenation  and  ventilation  to  be  accom- 
plished by  a  markedly  reduced  proportion  of  lung."-"  If 
such  injury  is  related  to  duration  and  degree  of  exposure  to 
high  ventilator  pressures  or  volumes  (or  both),  it  is  rea- 
sonable to  assert  that  early  treatment — as  in  infantile 
RDS — is  likely  to  meet  with  greater  success  than  later 
treatment.  It  is  also  likely  that  distribution  of  surfactant 
will  be  more  uniform  the  earlier  in  the  course  of  lung 
injury  it  is  given.  While  these  assertions  are  not  proven,  it 
makes  intuitive  sense  that  early  treatment  with  surfactant 
would  have  the  greatest  chance  for  success.  The  timing  of 
surfactant  administration  has  not  been  addressed  in  the 
few  studies  of  surfactant  therapy  beyond  the  neonatal  pe- 
riod. This  may  partially  explain  the  inconsistent  results. 

Method  of  Delivery 

The  method  of  delivery  of  surfactant  is  also  important. 
The  two  approaches  that  have  been  taken  are  direct  bolus 
instillation  down  the  endotracheal  tube  and  prolonged  aero- 
solization  via  inspired  gas.  In  clinical  practice,  bolus  in- 
stillation has  been  the  approach  adopted  for  neonates  (turn- 
ing the  baby  during  administration  to  allow  gravity  to  aid 
in  the  distribution).  In  larser  children  and  adults,  this  en- 


tails using  large  voliuncs  of  sLirfactant  (<S()  mL/nr  in  olm" 
trial )  and  is  somewhat  labor  intensive  (particularly  for  larger 
patients!).  An  additional  problem  is  that  the  potential  tran- 
sient airway  obstruction  from  the  bolus  can  further  desta- 
bilize the  patient.  Large  volumes  of  surfactant  are  also 
expensive.  In  contrast,  aerosolization  requires  much  smaller 
volumes  of  surfactant,  is  less  labor  intensive,  and  does  not 
acutely  change  ventilation.  In  a  uniform  lung-injury  model 
in  rabbits  (repeated  saline  lavage).  Lewis  et  al""^  reported 
that  aerosolized  beractant  (Survanta)  resulted  in  greater 
improvement  in  oxygenation  and  compliance  than  did  in- 
stilled beractant  despite  a  much  smaller  total  dose.  How- 
ever, in  studies  with  nonuniform  lung  injury,  aerosoliza- 
tion resulted  in  preferential  distribution  to  already  ventilated 
lung  units,  with  little  to  none  of  the  surfactant  reaching 
nonventilated  areas  and  no  improvement  in  oxygen- 
ation."""^ 

No  comparative  clinical  trial  of  instillation  versus  aero- 
solization has  been  published.  The  only  reported  trial  of 
aerosolized  surfactant  showed  no  efficacy  of  aerosolized 
Exosurf  in  adults  with  ARDS.""'  Whether  this  failure  was 
due  to  the  method  of  delivery,  the  surfactant  used,  or  sim- 
ple lack  of  efficacy  of  surfactant  in  ARDS  is  unclear.  In 
the  absence  of  further  data,  in  our  own  clinical  trials  of 
surfactant  therapy  in  children  with  acute  hypoxeinic  respi- 
ratory failure,""'""  we  cho.se  instillation,  modeling  our  tech- 
nique on  that  utilized  in  most  neonatal  studies.  Children 
were  given  four  equal  aliquots  administered  in  each  of 
four  positions:  left  side  down,  head  up:  left  side  down, 
head  down:  right  side  down,  head  up;  and  right  side  down, 
head  down.  While  this  approach  was  cumbersome,  it  was 
generally  well  tolerated.  In  larger  patients,  direct  instilla- 
tion into  each  lobe,  using  a  bronchoscope,  has  been  re- 
ported.'"' 

The  ideal  dose  and  method  of  surfactant  delivery  are 
unclear  but  represent  significant  issues  because  of  cost  and 
relative  untoward  effects.  It  is  possible  that  some  combi- 
nation of  bolus  administration  followed  by  aerosolization 
could  be  the  ideal  approach. 

Animal  Studies 

Animal  studies  have  demonstrated  that  the  effect  of  ex- 
ogenous surfactant  replacement  is  determined  by  the  lung- 
injury  model  used,  the  timing  of  the  intervention,  the  dose 
and  composition  of  the  surfactant  utilized,  and  probably 
other  factors  not  yet  understood.  As  these  studies  formed 
the  basis  for  the  introduction  of  surfactant  into  clinical 
care,  they  have  been  and  will  continue  to  be  important  to 
our  understanding  of  when  and  in  which  patients  exoge- 
nous surfactant  is  likely  to  be  effective. 

The  most  cominonly  used  animal  lung-injury  model  is 
lung  lavage.  Repeated  lavage  with  warm  saline  results  in 
surfactant  washout  and  a  subsequent  inflammatory  re- 
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Fig.  6.  Response  of  lavaged  guinea  pigs  to  treatment  with  surfac- 
tant. Following  repeated  lavages,  the  partial  pressure  of  oxygen 
(Pq.)  values  decreased  from  -  300  mm  Hg  to  100  mm  Hg 
despite  ventilation  with  100%  Oj.  The  animals  were  then  treated 
at  15  min  with  a  natural  pig  lung  surfactant  that  resulted  in  the  Pq,, 
values  returning  to  prelavage  values.  (From  Reference  102,  with 
permission,) 


sponse.  The  clinical  appearance  is  quite  comparable  to 
infantile  RDS.  with  loss  of  lung  volume,  decreased  lung 
compliance,  hypoxia,  and  severe  respiratory  distress.  This 
model  has  the  advantages  of  being  easily  reproducible  and 
not  immediately  lethal,  and  it  can  be  produced  in  a  variety 
of  large  and  small  animals.  Early  surfactant  replacement  in 
this  injury  model  (Fig.  6)  effectively  reverses  the  clinical 
signs  and  symptoms  of  respiratory  distress,  just  as  it  does 
in  preterm  infants  with  surfactant  deficiency.  The  model 
has  been  fairly  well  standardized  and  has  been  used  to 
compare  different  types  of  surfactant  and  methods  of  de- 
livery. 

Hyperoxic  linig  injury  has  been  extensively  studied  by 
Holm  and  colleagues^"  "^^  and  Matalon  and  Egan.  ""■""  Rab- 
bits exposed  to  100%  oxygen  for  64  hours  develop  in- 
creased alveolar  permeability  to  protein  and  decreased  sur- 
factant synthesis  in  alveolar  type  11  cells.  Bronchoalveolar 
lavage  reveals  markedly  diminished  phospholipid  levels 
and  surfactant  with  severely  impaired  dynamic  surface  ac- 
tivity. Many  of  the  rabbits  go  on  to  die  of  hypoxic  respi- 
ratory failure.  These  changes  are  similar  to  those  described 
in  patients  dying  of  ARDS  and  can  be  ameliorated  by 
treatment  with  exogenous  surfactant.'"'^  .Surfactant-treated 
animals  after  hyperoxic  injury  have  improved  lung  me- 
chanics, less  severe  hypoxia,  and  reduced  mortality. 

Other  models  of  lung  injury  in  which  surfactant  has 
been  investigated  include  oleic  acid  injection.'""'"''  N-ni- 
troso-N-methylurethane  (NNNMU)  instillation.'"'^ '""  hy- 
drochloric acid  instillation.""  smoke  inhalation.'"  \iral 
infection."-  and  bilateral  cervical  vagotomy.'"  Oleic  acid 
injection  produces  an  abrupt  and  severe  hemorrhagic  pul- 
monary edema,  which  does  not  appear  to  respond  to  sui- 
factant,"'  N-nitroso-N-methylurelhane  prodtices  a  more 
subaculc  lung  injury,  with  vsorsening  respiratory  lunclion 


over  2-4  days,  for  which  large  doses  of  surfactant  appear 
helpful  but  not  curative."^  Similarly,  treatment  with  ex- 
ogenous surfactant  is  somewhat  effective  in  animal  mod- 
els of  hydrochloric  acid,  smoke  inhalation,  viral  infection, 
and  bilateral  vagotomy.  In  these  models,  the  primary  ef- 
fect of  exogenous  surfactant  is  most  likely  reversal  of  the 
endogenous  surfactant  inhibition  by  protein  that  has  leaked 
into  the  alveolar  space  after  alveolar-capillary  endothelial 
injury.  Several  of  these  models  have  also  shown  improved 
response  to  exogenous  surfactant  with  prior  lung  lavage, 
further  supporting  the  role  played  by  protein  or  other  in- 
hibiting substances  in  the  alveolar  space. 

In  summary,  exogenous  surfactant  has  shown  efficacy 
in  a  variety  of  animal  models  of  lung  injury.  Exogenous 
surfactant  may  replace  surfactant  that  is  deficient  from 
loss  or  inadequate  synthesis  or  it  may  .serve  as  a  source  of 
precursors  as  it  is  broken  down  and  taken  back  up  into  the 
type  II  pneumocytes.  Larger  doses  may  overcome  the  in- 
hibition of  protein  on  the  surface  lining  through  sheer 
competition  for  the  air-fluid  interface. 

Human  Studies 

Most  of  the  well-conducted  human  clinical  studies  and 
the  bulk  of  the  clinical  experience  with  surfactant  is  in 
neonates.  Fujiwara  et  aF  reported  the  first  clinical  trial  of 
rescue  therapy  for  neonates  with  RDS  in  1980.  Since  then, 
more  than  40  randomized,  controlled  clinical  trials  of  RDS 
have  been  reported,  and  the  results  have  been  remarkably 
positive.  A  meta-analysis  of  the  results  of  35  clinical  trials 
was  performed  by  Jobe'"'  (Fig.  7).  This  meta-analysis  and 
subsequent  clinical  trials  since  1992  have  borne  out  that 
surfactant  delivered  by  instillation  decreases  both  morbid- 
ity and  mortality  in  infants  with  RDS.  Surfactant  therapy 
has  led  to  a  demonstrable  decrease  in  infant  mortality  in 
the  United  States  during  the  last  decade. **  Differences  in 
morbidity  are  less  impressive,  with  no  significant  differ- 
ence in  the  incidence  of  BPD  or  intraventricular  hemor- 
rhage but  significant  decreases  in  air  leaks.  The  BPD  sta- 
listic  is  somewhat  misleading,  however,  as  more  fragile 
infants  are  surviving  to  develop  chronic  lung  di,sea,se,  and 
the  incidence  would  likely  be  significantly  less  if  these 
infants  were  excluded.  Comparative  trials  show  natural 
surfactants  to  be  more  effective  than  synthetic  surfac- 
tants,'" ■"'-  ' '  ^  and  prophylactic  treatment  appears  better  than 
rescue  treatment  for  tho.se  infants  at  highest  risk  (neonates 
from  29-32  weeks  gestation).''-'"  Treatment  regimens  have 
\aried  somewhat,  but  most  protocols  have  used  multiple 
doses,  usually  scheduled  6-12  hours  apart,  beginning  ei- 
ther in  the  delivery  room  or  at  the  first  clinical  sign  of 
respiratory  distress.  The  dose  used  is  extrapolated  to  com- 
pletely replace  the  normal  suifactant  pool  (100  mg/kg  of 
phospholipid.  80  niL/nr  or  3  cc/kg)  and  is  ilelivered  in 
lour  et|ual  alii|Uots  in  lour  diHcrcnl  positions,  making  use 
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Fig.  7.  Odds  Ratios  from  4  meta-analyses  of  clinical  trials  of  the  effects  of  surfactant  odds  ratios  and  95%  confidence  interval  from  the 
meta-analyses'2^-'28  are  shown.  The  meta-analyses  were  of  8  trials  (involving  930  infants)  of  natural  surfactant  administered  in  the  delivery 
room, 129-1 35 12  trials  (1451  infants)  of  natural  surfactant  for  the  treatment  of  respiratory  distress  syndrome  (RDS),'36-ij?  7  trials  (1492  infants) 
of  synthetic  surfactant  administered  in  the  delivery  room,"8-i54  gnd  5  trials  (2126  infants)  of  synthetic  surfactant  for  the  treatment  of 
RDS.15'  '^="^5-15-  Neonatal  mortality  was  defined  as  death  from  any  cause  before  the  29th  day  of  life,  and  intraventricular  hemorrhage  as 
severe  hemorrhage  categorized  as  grade  III  (extensive  intraventncular  hemorrhage  with  ventricular  enlargement)  or  grade  IV  (intraparen- 
chymal  hemorrhage).  (From  Reference  116,  with  permission.) 


of  gravity  to  distribute  the  substance  to  all  parts  of  the 
lung.  Surfactant  has  been  the  most  studied  drug  ever  in- 
troduced into  neonatal  care,  and  its  use  has  now  become 
the  standard  of  care  in  the  United  States  for  preterm  neo- 
nates with  or  at  risk  for  RDS. 

Beyond  the  neonatal  age,  the  efficacy  of  exogenous 
surfactant  in  respiratory  failure  has  been  suggested 
by  several  small  uncontrolled  pilot  studies  and  case  re- 
ports,'"*-'--' but  the  results  of  the  few  controlled  studies 
have  been  mixed.  The  aerosolized  surfactant  (Exosurf  ) 
study''**  evaluated  Exosurf  in  adults  with  sepsis-induced 
ARDS  who  received  nebulized  Exosurf  continuously  for  5 
days:  They  had  no  improvement  in  immediate  physiology 
or  long-term  outcome.  This  failure  may  relate  to  using  a 
synthetic  rather  than  natural  surfactant  or  to  aerosolizing 
the  surfactant  rather  than  instilling  it.  Aerosolized  artificial 
surfactants  have  proven  ineffective  in  treatment  of  neona- 


tal RDS,'--''-''  and  animal  studies  have  shown  that  aero- 
solization  results  in  both  limited  delivery  and  poor  distri- 
bution.'''*'" Another  study,  by  Gregory,  et  al,'--  evaluated 
the  effectiveness  of  multiple  doses  of  a  modified  natural 
surfactant  (Survanta)  in  adults  with  ARDS.  The  study  dem- 
onstrated improvement  in  oxygenation  only  in  the  sub- 
group receiving  four  doses  (at  100  mg/kg)  of  surfactant. 
There  was  a  trend  toward  lower  mortality  in  the  2  groups 
receiving  the  larger  doses  (100  mg/kg)  of  surfactant,  but 
differences  were  not  significant  when  controls  were  com- 
pared with  the  treated  patients.  Although  promising,  the 
results  of  this  study  are  confounded  by  inconsistencies  in 
dosing  strategy  and  randomization  and  in  timing  of  sur- 
factant administration.  Our  own  prospective  controlled  trial 
of  calf  lung  surfactant  extract  (Infasurf)  in  children  with 
hypoxemic  respiratory  failure  showed  an  immediate  and 
striking  improvement  in  oxygenation  when  administered 
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Fig.  8.  Changes  in  oxygenation  index  in  the  48  hours  immediately  after  administration  of  calf  lung  surfactant  extract.  Surfactant  is 
administered  at  time  0,  Solid  line  =  treated  patients,  dotted  line  =  placebo.  ■  p  [It)  0.05.  (From  Reference  99,  with  permission.) 


early  in  respiratory  failure  (Fig.  8)  btit  no  difference  in 
mortality.""'  However,  the  mortality  for  both  groups  was 
low  ( 1 1%),  and  only  I  of  5  deaths  was  due  to  respiratory 
failure.  A  32%  decrease  in  the  time  on  mechanical  venti- 
lation and  a  30%  reduction  in  the  intensive  care  unit  stay 
was  demonstrated  (Table  3).  The  discrepancy  in  efficacy 
demonstrated  by  these  two  studies  may  relate  to  differ- 
ences in  patient  populations,  differences  in  surfactant  for- 
mulation, or  differences  in  liming  of  administration. 

Surfactant  administration  appears  to  be  safe.  While  bo- 
lus administration  can  be  associated  with  transient  hypox- 
emia and  hemodynamic  instability,  allergic  or  other  im- 
mune-mediated responses  have  not  been  reported.  The  only 
consistently  noted  complication  in  the  neonatal  experience 
has  been  an  increased  incidence  of  pulmonary  hemor- 
rhage. "'• 

Kiiture  Directions 

Current  evidence  suggests  that  surfactant  will  prove  use- 
ful as  an  adjunctive  therapy  in  pediatric  respiratory  failure, 
although  likely  with  less  spectacular  results  than  those 
reported  for  neonatal  RDS.  Our  cmrenl  understanding  of 
ARD.S  and  other  more  specific  forms  of  acute  lung  injuiA 
in  children  places  surfactant  dysfunction  at  the  center  of 
the  disordered  physiology  but  not  as  the  cause  thereof  as  in 


neonatal  RDS.  Surfactant  replacement  offers  promise  in 
improving  the  disturbance  in  lung  aeration  and  gas  distri- 
bution and  allowing  moderation  of  ventilatory  support  but 
not  to  "cure"  the  underlying  injury.  This  may  be  adetiuate. 
however,  because  the  mortality  from  acute  lung  injury  in 
children  appears  to  be  decreasing'^'' '""  due.  perhaps,  to  our 
better  understanding  of  ventilator  support. 

Other  questions  remain.  The  best  mode  of  deli\ery  of 
surfactant  needs  to  be  determined.  Most  important,  we 
need  to  better  identify  which  patients  will  benefit  and  which 
will  not  by  administration  of  surfactant.  The  development 
of  better  forms  of  synthetic  surfactants — perhaps  with  ge- 
netically engineered  surfactant-associated  proteins — is 
likely  in  the  near  future  and  needs  to  be  pursued  to  bring 
down  the  cost  of  this  therapy.  Depending  on  the  si/e  of  the 
child,  al  Ihc  current  market  price  of  Survanla.  one  lieat- 
meiit  nia\  cost  in  excess  of  $5,000.  This  price  does  not 
represent  the  true  cost  of  the  drug.  but.  nonetheless,  the 
natural  surfactants  are  relatively  expensive  to  produce,  and 
the  cost  of  the  drug  will  probably  remain  high.  Before 
embarking  on  wholesale  acceptance  of  this  therapeutic  ap- 
proach, it  will  be  important  to  better  determine  which 
patients  will  benefit.  To  that  end.  a  large.  .'iO-cenler  multi- 
institutional  trial  of  calf  lung  surfactant  extract  (Infasurf) 
in  pediatric  patients  with  respiratory  failure  was  due  to 
bei^in  in  the  I'niled  Slates  in  the  fall  of  IWS. 
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PRODUCT  SOURCES 

Surfactants 

ALEC.  Biitannia  Phaimaceuticals.  Redhill.  United  King- 
dom 

E.xosuif,  Gla.xo  Weliconie  Inc.  Reseaicii  Triangle  Park 
NC 

Intasurf.  ONY  Inc.  Amherst.  NY 

Survanta,  Abbott  Laboratories.  Abbott  Park  IL 
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Introduction 

A  recent  innovation  variously  termed  pertluorocarbon- 
associated  gas  exchange  or  partial  liquid  ventilation  (PLY) 
has  simplified  the  technical  aspects  of  using  pertluorocar- 
bons  in  the  lung.  It  has  been  shown  possible  to  fill  the 
functional  residual  capacity  of  the  lungs  with  pertluoro- 
carbon  liquid  and  to  "bubble  oxygenate"  the  liquid  in  situ 
(in  vivo)  using  a  conventional  gas  ventilator.'  This  tech- 
nique, gas  ventilation  of  the  Huid-filled  lung,  allows  liquid 
to  be  used  to  recruit  atelectatic  lung  and  reduce  surface 
tension  at  the  alveolar  lining.  In  expiration,  the  liquid  func- 
tional residual  capacity  represents  an  incompressible  res- 
ervoir of  oxygen  occupying  alveoli  that  would  otherwise 
collapse  and  allow  intrapulmonary  shunting.  In  inspira- 
tion, tidal  volumes  of  gas  purge  that  reservoir  of  carbon 
dioxide  and  replenish  the  supply  of  dissolved  oxygen  after 
the  fashion  of  a  very  efficient  bubble  oxygenator. 

This  technique  has  been  studied  in  animals  and  in  pa- 
tients with  acute  respiratory  failure  of  various  etiologies. 
Most  recently,  a  randomi/ed.  controlled  trial  (RCT)  of 
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PLY  in  pediatric  patients  with  acute  respiratory  distress 
syndrome  (ARDS)  has  been  undertaken.  Enrollment  in 
that  trial  was  terminated  early  because  of  a  dramatic  de- 
cline in  control  mortality  subsequent  to  a  major  amend- 
ment of  study  design.  Although  data  from  that  trial  have 
not  yet  been  presented  and  cannot  yet  be  published,  the 
experience  teaches  \aUiable  lessons  about  such  trials. 

Preclinical  Studies  of  Partial  Liquid  N  entilation 

Preclinical  study  of  PLY  has  been  very  encouraging, 
prin  iding  a  strong  lomidation  for  optimism  about  clinical 
applications  of  the  technique. 

Partial  Li(|uid  Ventilation  in  Models  of  Lung  Disea.se 

TiitiiiicLi  et  al"  ha\e  shown  thai  lahbil  lungs  lavaged 
with  saline  to  induce  siufactant  del'iciency  exchange  gas 
more  efficiently  during  PLY  than  during  conventional  gas 
ventilation.  Leach  and  associates  have  shown  this  also  to 
he  the  case  in  premature  lambs  with  surfactant  deficiency 
of  prematurity.'  and  they  have  shown  that  PLY  is  com- 
patible with  exogenous  surfactant  therapy.^  Wilcox  et  al"^ 
have  studied  lambs  with  surgically  induced  congenital  left 
(.liajihragmatic  hernia,  and  have  shown  that  this  lesion 
(which  is  complicated  by  surfactant  deficiency)  is  ainena- 
ble  to  iicatment  by  PLY.  In  all  of  these  models,  lung 
(.oniplianee   is   iniproxetl  b\    the  presence  of  peiriiihron 
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within  tliL"  lung.  Clearly,  smraclanl  tldiciciicy  is  highly 
responsive  to  PLV, 

PLV  has  also  been  applied  to  piglets  after  intratraeheal 
instillation  of  meconium.''  In  this  model,  Thompson  et  al 
showed  that  oxygenation  and  6-hour  survival  were  both 
substantially  improved,  though  improvement  in  gas  ex- 
change was  less  striking  and  less  rapid  than  in  models  of 
surfactant  deficiency.  Although  meconium  is  thought  to 
impair  surfactant  function,  it  is  also  known  to  obstruct 
distal  airways.  This  mechanical  issue  contributes  to  the 
difficulty  of  rescuing  animals  after  meconium  instillation. 

Numerous  models  of  acute  lung  injury  and  ARDS  have 
been  studied.  Papo  and  colleagues''  showed  that  lung  in- 
jury induced  by  intravenous  oleic  acid  infusion  is  amelio- 
rated by  PLV.  Nesti  et  al'^  showed  that  gastric  aspiration- 
induced  ARDS  benefits  from  PLV  with  pertlubron.  and 
Hernan  et  al'  demonstrated  amelioration  of  acid-induced 
ARDS  in  large  sheep.  Improvement  in  histology  was  seen 
in  the  studies  of  Papo  et  aP  and  Nesti  et  al.**  HirschI  et  al'" 
also  documented  improved  histology  in  an  oleic  acid-in- 
jury model  treated  by  tidal  liquid  ventilation. 

When  the  normal  lung  is  filled  with  perfluorocarbon, 
arterial  oxygen  tension  (P.,(,,)  falls  by  ~  100  mm  Hg.  In 
surfactant  deficiency,  oxygenation  improves  after  instilla- 
tiiin  of  perfluorocarbon,  and  the  lung  then  oxygenates  blood 
as  well  as  the  normal,  non-liquid-filled  lung.  This  results 
from  improved  ventilation/perfusion  matching.  In  fact,  PLV 
with  pertlubron  makes  the  surfactant-deficient  lung  func- 
tion almost  as  though  it  were  normal.  But  surprisingly, 
several  inflammatory  models  also  behave  as  though  the 
lung  was  made  to  function  normally  after  perflubron  in- 
stillation. The  combination  of  near-normal  oxygenation 
and  near-normal  histology  in  Nesti' s  study**  of  aspiration 
ARDS  and  of  improved  histology  in  other  recent  reports  of 
animal  models  of  ARDS.  suggests  that  pertlubron  may 
have  anti-intlammatory  effects  distinct  from  the  beneficial 
effects  of  PLV  on  lung  function. 

Anti-Inflammatory  Effects  of  Perflubron 

Smith  et  al' '  showed  that  alveiilar  macrophages  are  less 
readily  stimulated  to  generate  free  radicals  and  hydrogen 
peroxide  after  exposure  to  perflubron.  Pertlubron  also  re- 
duces neutrophil  infiltration  in  the  acutely  injured  lung.'- 
It  reduces  phagocytosis  but  not  killing  by  alveolar  macro- 
phages''' and  reduces  nitric  oxide  production  by  alveolar 
macrophages  in  vitro.'"*  Electron  micrographs  of  alveolar 
macrophages  exposed  to  pertlubron  in  vivo  reveal  vesicles 
(that  probably  represent  ingested  perflubron)  as  well  as 
loss  of  villous  appendages.  It  is  possible  that  pinocytosis 
of  the  liquid,  which  might  be  expected  to  internalize  (as 
vesicle  membrane)  receptor  sites  that  are  normally  bound 
to  the  cell  surface,  reduces  the  surface  density  of  receptors 
that  trigger  intlammation.  It  is  also  possible  that  pertlubron 


dissolves  m  the  macrophage's  cell  membrane  much  like  a 
volatile  anesthetic,  altering  membrane  function.  Many  vol- 
atile anesthetics  alter  inllammation.  though  their  predom- 
inant effect  is  clearly  to  alter  neuronal  surface  membrane 
function.  Eflects  of  pertlubron  on  the  alveolar  macrophage 
are  demonstrable  after  in  vitro  exposure.  Such  in  vitro 
anti-intlammatory  effects  of  pertlubron  represent  a  dis- 
crete mechanism  from  'lung  protective"  anti-inflammatory 
processes  (reduced  volutrauma)  that  may  also  occur. 

Because  the  clinical  importance  of  these  anti-intlamma- 
tory effects  is  not  yet  clear,  there  could  be  concern  that 
pertluorocarbons  might  make  the  lung  susceptible  to  nos- 
ocomial infection.  Steinhorn  and  Sajan's'^  findings  con- 
tradict this,  suggesting  that  nosocomial  infection  is  not 
facilitated  by  the  presence  of  perflubron.  Pertlubron  is.  in 
fact,  a  bacteriostatic  en\'ironment  that  does  not  support 
bacterial  growth. 

Surfactant  Production 

Pertluorocarbons  are  not  miscible  with  aqueous  solu- 
tions or  gels,  and  surfactant  is  not  readily  soluble  in  per- 
tlubron. It  is  not  likely  that  PLV  would  deplete  the  lung  of 
phospholipid.  Steinhorn  et  al"'  showed  that,  to  the  con- 
trary, PLV  with  pertlubron  increases  de  novo  synthesis  of 
sinfactant  by  normal  lung.  Similar  findings  apply  to  the 
immature  lung  studied  by  Leach  et  al.'^  It  has  been  hy- 
pothesized that  lung  stretch  mediates  these  increases  in 
surfactant  synthesis. 

Management  of  Secretions 

Secretions  are  not  miscible  in  perfluorochemicals.  Early 
clinical  experience  suggested  that  this  might  be  a  problem 
during  PLV.  Subsequent  laboratory  experience  has  shown 
that  secretions  may  be  effectively  debrided  from  the  lung 
by  saline  lavage  during  PLV.  Recovery  of  small  volumes 
of  saline  instilled  into  the  'dry'  lung  is  minimal.  Saline 
instillation  may  stimulate  coughing  and  loosen  proximal 
secretions,  but  it  is  not  a  very  effective  means  of  clearing 
secretions  from  the  lung.  During  PLV,  movement  of  per- 
fluorocarbon in  the  airways  appears  to  mobilize  secretions 
toward  the  trachea.  Tracheal  instillation  of  saline  tends  to 
liquefy  these  secretions.  Cessation  of  positive  end-expira- 
tory pressure  or  ventilator  disconnect  carries  this  debris 
forward  into  the  trachea,  where  it  can  be  removed  by 
suctioning. 

Clinical  Trials  of  Partial  Liquid 
Ventilation  with  Perflubron 

PLV  with  pertlubron  (LiquiVent,  Alliance  Pharmaceu- 
tical Corp,  San  Diego  CA)  is  an  investigational  technique, 
but  is  now  in  clinical  trials  for  regulatory  approval.  Results 


Re.spiraXtory  Carf.  •  Deckmber  '98  Vol  4.'^  No  12 


1087 


Partial  Liqi'id  Vrntii.ation  and  Phdiatric  ARDS 


T.ihk-  I.       PlnsKilogic  RcsponsL-s  lu  PaiiKil  Li(.|ukI  V'cnlilatuin  (I'LV) 
m  Prcnialurc  Rallies  uilh  lulanl  Kcs|iiraUir.v  i:)islrcss 
S\ ndroino 


Baseline 

PLV  (1  hi 

PLV  (4  1i) 

PLV  (24  h) 

Ol 

41.0  ±  7.0 

22.4  ±7.1 

10.4  ±  2.2 

8.9  ±  2.5 

P,r,,. 

Mi.U  ±  1 2 

56.0  ±  5.9 

45.0  ±  5.4 

44.8  ±  2.1 

C  D\  n/ki; 

0.22  i  ().(b 

0..^7  ±  0.04 

0..^7  ±  0.09 

0.48  ±  0.19 

MAP 

16.6  ±  y.i 

14.6  ±  0.91 

12.4  ±  1.(1 

11.6  ±  0.89 

O!  =  o.xygcnatioii  iiidcx.  PjCOi  =  ancrial  carbon  dioMdc.  C  D>n  =  lixn.imic  ^nnipliaiK. 

MAP  =  moan  airway  pressure. 

Tabic  adapted  Iroiii  dala  published  in  Relerence  IS, 


Table  2.       Denicigrajihies  o\  Ailiill  Palienis  in  Phase  M/IU  Conlii.lleLl 
Trial'' 


Age  (years) 

>55  years  old 

P.oyF,,,,  mm  Hg 

P,„,/F|,,,  <  20(1  mm  Hg 

200  •     P,„,/F|,,,  '-  M)i)  mm  Hg 


PLV  (II  =  65)  CMV  («  =  25) 

43  ±  2  41  ±  3 

289!-  »9( 

178  ±  12  198  ±  22 

62y  56',t 

26%  28';r 


I'LV  =  parcial  liquid  vencilalion,  CMV  =  convenlional  m 
.iticnal  oxygen  tension.  FiO;  =  fraction  of  inspired  oxyi:c 


ill  infants  v\itii  iiitant  respiratory  tJisticss  syndrome  (IRDS) 
have  been  published"*  as  have  preliminary  findings  in  chil- 
dren''' and  adults.-"  These  trials  document  mortality  rates 
lower  than  those  for  historic  controls  and  show  physio- 
logic improvements  in  gas  exchange  and  lung  compliance; 
however,  they  lack  companion  control  populations.  There 
have  also  been  three  small  randomized,  controlled  neona- 
tal trials  in  target  populations:  premature  neonates  with 
IRDS,  infants  with  congenital  diaphragmatic  hernia,  and 
term  neonates  with  respiratory  failure.  A  large  controlled 
trial  has  been  conducted  in  pediatric  patients  with  ARDS 
(currently  under  analysis).  A  controlled  trial  in  adults  with 
ARDS  has  been  completed  and  its  findings  presented.-' 

The  first  corporate-sponsored  study  of  pertlubron  PLV 
in  the  United  States  focused  on  the  rescue  of  premature 
babies  with  IRDS.'**  On  average,  these  patients  had  a  ges- 
tational age  of  28  weeks  and  weighed  ~  1000  g.  To  be 
enrolled,  a  baby  had  to  be  of  24-34  weeks  gestation,  with 
a  birth  weight  between  600  and  2000  g,  and  be  <  5  days 
of  age.  All  patients  were  required  to  have  failed  at  least 
one  dose  of  surfactant.  Enrolled  infants  were  expected  to 
have  a  very  high  risk  of  imminent  death.  The  study  group 
consisted  of  13  patients  who  had  failed,  on  average,  be- 
tween 2  and  3  doses  of  surfactant.  Of  these  1 3  patients.  7 
survived  and  did  well  long  term.  Physiologic  response  is 
summarized  in  Table  1."* 

The  first  pediatric  Phase  II  trial'"  did  not  lia\c  a  control 
group.  On  average,  these  patients  were  4  years  old  aiKl 
weighed  ~  18  kg.  Most  of  them  had  pneumonia  as  a 
presenting  diagnosis.  At  enrollment,  their  average  alveo- 
lar-arterial oxygen  tension  difference  (P,a. ,,,(),)  was  a  little 
over 450  mm  Hg.  This  P.a  .,,0.  would  have  predicted  about 
a  ."SOVf  risk  of  mortality  at  the  time  that  this  study  v\as 
undertaken.  In  this  group  of  10  patients,  8  survived.  There 
were  no  serious  unexpected  adverse  events  that  were 
deemed  related  to  the  drug. 

Table  2  shows  demographics  of  the  aduli  Phase  11/111 
controlled  trial.-'  This  trial  compared  PLV  with  coincn- 
tional  mechanical  ventilation  in  adults  with  ARDS.  It  was 
iiileiulcd  ihal  2  patients  receive  PLV  ft)r  e\'ery   I   paliciil 


Ouleomc  lor  .\(Jull  PaCienis  Who  Reeened  Partial  Litjittd 
VenliUilion  (PLV)  or  Coiuentional  Meehanieal  Ventilalion 
(CMV)'' 


'/r  of  patients 
with  >  1  VFD 


Mortality  {'/<) 


PLV  in  =  .^9| 
CMV  (n  =    191 

9.0  i   1.4 

4.1  ±   1.8 

s  ,ild  .ind  h.id  hascl 

le  P.„„/F|, 

62 

,  levels 

P.IIK-nls  «crc        sMca 

<  MM 

randomized  to  conxentional  mechanical  \entilation.  The 
average  age  of  this  group  of  patients  was  slightly  >  40 
years,  but  there  were  numerous  patients  who  were  >  55 
years  of  age.  In  the  adult  literature,  it  is  quite  clear  that 
being  old  is  disadvantageous  if  you  get  ARDS.  and  that 
abo\e  55  years  of  age,  mortality  froin  ARDS  is  stihsian- 
tially  higher  than  below  55  years  of  age.  The  study  groups 
were  unbalanced  in  that  there  were  more  older  patients 
(>  55  years)  in  the  PLV  group  (28'7f)  than  in  the  conven- 
tional group  (S'/f ).  It  is  also  important  to  note  that  not  all 
of  these  patients  had  ARDS.  Sixty-two  percent  of  the  pa- 
tients in  the  PLV  group  and  56%  in  the  conventional  me- 
chanical ventilation  group  had  ARDS  (a  ratio  of  arterial 
oxygen  tension  P,,q,  to  fraction  of  inspired  oxygen  1F|qJ 
of  <  200  mm  Hg).  There  were  also  patients  who  were  not 
sick  cnoLigh  al  entry  to  ha\e  u hat  would  be  classified  as 
acute  lung  injury  (P,,(),/F|(,  between  200  and  300  mm  Hg). 
The  primary  end  points  studied  in  this  trial  were  \enlila- 
tor-free  days  (VFDs).  the  number  of  patients  who  had 
VFDs.  and  the  2S-da\  moitalit>  rate.  Mortality  and  VFDs 
were  different  between  groups  in  patients  -^  55  years  of 
age  who  had  P,,,./F|„,  of  <  300  mm  Hg  (Table  3(.  There 
was  also  a  difference  between  the  iwii  tiealmcnls  in  the 
percentage  of  patients  who  had  at  least  1  VFD.  and  iheic 
was  a  small  diffeience  in  iiiorlalitv .  'fluis,  there  is  a  sug- 
gestion thai  if  one  looks  al  Ihe  appropiiale  age  and  sexerily 
of  illness  in  ihe  adtill  population,  using  an  outcome  mea- 
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sure,  one  can  see  evidence  of  effieacv  oi'  PLV  compared 
with  conventional  ventilation. 

Between  January  1996  and  April  1997.  b5  pediatric 
critical  care  programs  participated  in  a  randomi/.ed.  eon- 
trolled  clinical  trial  of  perflubron  (LiqiiiVent)  PLV  (or 
pediatric  ARDS.*  Enrollment  in  the  trial  was  halted  be- 
cause study  monitors  noted  an  unexpected,  sharp,  and  per- 
sistent fall  in  control  group  mortality  after  an  amendment 
of  entry  criteria.  Subsequent  analysis  of  data  for  the  182 
subjects  revealed  confounding  factors  and  treatment  dif- 
ferences between  groups,  which  preclude  comparisons  of 
efficacy  and  outcome  between  study  arms  but  do  allow 
assessment  of  safety. 

A  detailed  analysis  of  the  trial  is  forthcoming  but  ex- 
ceeds the  scope  of  this  discussion.  At  this  time,  it  can  only 
be  reported  that  28-day  mortality  was  not  statistically  dif- 
ferent between  groups  and  that  no  safety  problems  were 
identified.  However,  the  problems  encountered  in  the  con- 
duct of  this  trial  do  teach  important  lessons  for  ARDS 
research,  lessons  that  are  applicable  to  viittially  any  intei- 
ventional  ARDS  study. 

The  Challenge.s  of  Randomized,  Controlled  Clinical 
Trials  in  Acute  Respiratory  Distress  Syndrome 

Why  have  treatments  and  ventilatory  strategies  that  ap- 
peared so  promising  in  preclinical  research  had  so  little 
impact  on  the  outcome  of  ARDS  in  RCTs? 

The  first  issue  in  any  ARDS  RCT  is  identification  of  an 
outcome  measure  on  which  to  stake  the  trial.  The  most 
obvious  end  point  is.  of  course,  mortality.  One  might  well 
ask.  "what  good  is  it  if  it  doesn't  alter  mortality'.'"  But 
survival  of  the  patient  with  ARDS  is  multifactorial:  ( 1 1 
The  various  risk  factors  (triggers)  for  ARDS  each  make 
their  own  separate  contributions  to  mortality.  Trauma,  sep- 
sis, and  smoke  inhalation  each  cause  death  by  a  variety  of 
final  common  pathways,  only  one  of  which  is  ARDS.  The 
patient  with  ARDS  may  succumb  to  his  respiratory  disease 
or,  if  that  is  prevented,  may  die  of  other  associated  pro- 
cesses (eg,  head  injury,  cardiovascular  collapse).  (2)  Most 
patients  receiving  intensive  care  die  after  a  decision  is 
reached  to  discontinue  life  support.  This  is  a  multifaceted 
decision  and  may  have  little  to  do  with  the  idtimate  re- 
versibility of  lung  disease.  (3)  ARDS  is  often  associated 
with  the  systemic  intlammatory  response  syndrome  (SIRS) 
or  with  multiple  organ  system  failure  (MOSF).  These  three 
syndromes  (ARDS,  SIRS,  and  MOSF)  define  constella- 
tions of  findings.  Like  different  parts  of  the  elephant  in  the 
hands  of  a  blind  man.  these  defined  syndromes  may  char- 
acterize the  same  patient  from  different  perspecti\cs  oi-  at 
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different  times.  To  altei-  mortality  from  ARDS.  a  treatment 
must  also  be  effective  against  SIRS  and  MOSF:  thus,  any 
treatment  proposed  to  alter  mortality  from  ARDS  should 
also  propose  to  alter  mortality  from  SIRS  and  MOSF.  A 
drug  to  reduce  ARDS  mortality  would  be  a  drug  for  SIRS 
and  MOSF  mortality  as  well.  (4)  Mortality  is  a  binary  end 
point:  the  patient  lives  or  dies.  Comparison  of  group  mor- 
tality by  chi-square  analysis  requires  large  study  popula- 
tions, especially  when  mortality  rates  are  substantially  be- 
low 50%.  This  is  highly  problematic  for  diseases  affecting 
modest  numbers  of  patients  and  for  expensive  treatments. 
To  circumvent  this  problem,  various  surrogates  for  mor- 
tality have  been  proposed  that  reduce  outcome  compari- 
sons to  contrasts  of  continuous  variables  using  t  tests. 
VFDs  is  an  example  of  such  a  surrogate.  It  remains  to  be 
seen  whether  VFDs  are  a  better  end  point  than  mortality, 
for,  as  with  ARDS,  the  determinants  of  VFDs  are  multi- 
factorial. 

Population  heterogeneity  is  another  factor  that  conlounds 
ARDS  trials.  The  population  of  patients  with  ARDS  con- 
sists of  patients  at  ultra-high  risk  of  mortality  from  their 
lung  disease  and  of  patients  at  very  low  risk  of  pulmonary 
mortality.  Those  at  high  risk  may  remain  at  high  risk  even 
if  their  ARDS  is  effectively  treated  because  they  often 
suffer  from  other  .serious  problems.  Those  at  low  risk  have 
a  'signal-to-noise'  ratio  that  is  too  low  for  study  and  dilute 
the  signal  of  any  other  subgroup  that  might  benefit  from 
treatment.  The  patients  to  study  are  those  of  intermediate 
risk  of  pulmonary  mortality,  and  that  population  can  be 
subdivided  further  into  those  having  exclusion  criteria, 
those  having  other  reasons  to  die,  those  who  might  re- 
spond to  the  treatment  (but  will  also  respond  to  other 
treatments  available  to  the  control  group),  and  those  who 
will  only  respond  to  the  trial  therapy.  The  entire  signal  in 
a  mortality  study  rests  in  this  last  group,  patients  who  will 
only  respond  to  the  trial  therapy  (which  is,  alas,  generally 
a  group  too  small  to  study  and  impossible  to  identify  prior 
to  enrollment).  Eagerness  to  enroll  large  populations  tends 
to  bury  the  signal  in  noise. 

Most  ARDS  trials  are  difficult  to  blind.  In  neonatal 
nitric  oxide  trials,  disguising  the  gas  canister  does  not 
prevent  the  clinician  from  guessing  the  treatment  arm  from 
serial  measurement  of  methemoglobin  levels.  How  do  you 
blind  surfactant  therapy.  PLV.  or  a  trial  of  low  lung  stretch? 
Any  intervention  that  acutely  alters  physiology,  even  if  the 
physiologic  parameter  is  not  the  end  point,  gives  itself 
away,  and  it  doesn't  matter  that  the  clinician  only  guesses 
right  most  of  the  time.  Statistically,  the  trial  is  poorly 
blinded  if  one  can  "usually"  guess  the  group  assignment. 
Some  of  the  effects  of  lack  of  blinding  are  obvious:  ( I )  It 
introduces  potential  treatment  bias.  Investigators  would 
not  be  in  the  trial  unless  they  wanted  the  intervention  arm 
to  win.  On  the  other  hand.  (2)  the  unblinded  trial  inter- 
vention draws  special  attention  to  the  treated  subject.  This 


RE^SPIRAT()RY  CaRI;  •  DECEMBER   "98  VoL  43   No    12 


1089 


Partim   Liquid  Ventii  ation  and  Pkdiatric  ARDS 


may  LMihaiicc  L'aiv.  cxagyL'ralc  adsxTsc  L"\enl  iL'|i(irlint;.  oi' 
both.  It  certainly  prompts  the  in\estigalor  to  attribute  treat- 
ment causahty  to  adverse  events,  wiiether  that  is  the  ease 
or  not.  (3)  For  instance,  in  the  PLV  trial,  lack  of  blinding 
had  a  special  impact  on  parents  of  subjects  assigned  to  the 
control  group.  Nobody  enrolls  their  child  in  a  clinical  trial 
in  hopes  of  getting  into  the  control  arm.  What  incentive  is 
there  to  enroll  in  an  RCT  other  than  to  reap  potential 
benefit  from  the  experimental  treatment?  So  both  the  cli- 
nician investigator  and  the  parent  are  biased  to  offer  ad- 
ditional aggressive  therapies  (experimental  or  otherwise! 
to  the  control  patient.  The  unblinded  nature  of  the  PLV 
trial,  for  instance,  led  to  a  dramatic  imbalance  in  applica- 
tion of  rescue  therapies  (favoring  the  control  group  by  a 
factor  of  2: 1 )  and  to  a  high  overall  use  of  combinations  of 
rescue  techniques  in  control  subjects. 

The  use  of  rescue  therapies  is  but  one  example  of  treat- 
ment heterogeneity  within  and  between  groups.  There  are 
many  different  algorithms  for  \entilator  management,  and 
there  are  other,  more  subtle  management  issues  that  may 
influence  outcome.  These  are  extremely  difficult  to  regu- 
late during  an  RCT.  The  less  effectively  these  sources  of 
noi.se  are  regulated,  the  more  difficult  it  becomes  to  show 
differences  between  treatments.  It  has  been  proposed  that 
ARDS  trials  employ  computerized  algorithms  of  ventilator 
management.  Unfortunately,  the  two  arms  of  a  trial  may 
require  very  different  ventilator  algorithms.  Would  the  ex- 
istence of  separate  computer  algorithms  for  the  two  arms 
of  the  study  introduce  a  special  bias  into  such  a  trial? 

Some  RCTs  involve  a  learning  curve  that,  of  itselL  acts 
against  the  treatment  group.  There  seem  to  be  two  types  of 
learning  curves:  The  investigator  may  get  better  at  a  tech- 
nique over  time,  or  the  collective  wisdom  of  the  investi- 
gative team  may  grow  over  time.  Obviously,  results  of  a 
new  technique  in  any  investigator's  hand  will  improve  as 
he  or  she  gathers  personal  experience.  It  may  be  less  ob- 
vious that  we  learn  and  make  progress  collectively.  Over 
the  course  of  time,  investigators  have  learned  how  better  to 
use  the  oscillator.  After  studying  numerous  volutrauma- 
sparing  algorithms  of  mechanical  ventilation,  we  may  be 
getting  closer  to  techniques  that  are.  indeed,  effective.  One 
must  be  cautious  about  approaching  definitive  trials  belbre 
climbing  both  of  these  learning  cur\es. 

In  any  multi-institutional  trial,  there  will  be  differences 
among  sites.  Some  sites  will  be  enthusiastic  about  the 
experimental  treatment  and  will  enroll  as  many  patients  as 
possible,  generally  at  lesser  severity  of  illness.  Other  sites 
will  be  timid  and  enroll  only  those  patients  for  whom  the 
trial  represents  a  last  resort.  Certain  sites  only  care  for 
high-acuity  patients.  Other  intensive  care  units  have  a  con 
sistently  low  acuity  level.  Obviously,  sites  like  your  ow  n 
always  provide  excellent  care,  whereas  others  do  not.  Con 
pic  this  heterogeneity  among  sites  with  enrollment  imbal 
ances  and  you  ha\e  ni:i|iH   problems,  Whal  if  lou-acmlN 


sites  enroll  more  patient  in  one  arm  of  the  stud\  than  in  the 
other'.'  Will  that  not  influence  the  results  of  the  trial'.'  In 
essence,  unless  enrollment  procedures  are  carefully  de- 
signed, a  multi-institutional  trial  may  represent  random- 
ization of  a  lew  sites  as  opposed  to  randomization  of  large 
numbers  of  patients. 

Over  time,  treatments  change.  Any  trial  that  spans  tin) 
large  an  interval  of  time  is  likely  to  be  confounded  by 
changes  in  therapies  other  than  the  treatment  under  study. 
Some  of  these  changes  may  be  more  profoundly  effective 
than  the  intervention  under  study,  in  unblinded  trials,  these 
new  treatments  will  tend  to  work  their  way  into  the  control 
population  earlier  than  into  the  treatment  group.  So  rapid 
enrollment  and  a  short  trial  are  to  be  desired.  On  the  other 
hand,  rapid  enrollment  often  depends  upon  loose  enroll- 
ment criteria.  This  fosters  noise.  ARDS  is  such  a  diverse 
syndrome  that  strict  criteria  are  essential  to  the  conduct  of 
a  mortality  trial.  This  means  slow  enrollment  and  long 
trials. 

Finally,  power  to  show  a  difference  is  very  dependent 
on  study  size.  Likelihood  of  finding  a  beneficial  effect  of 
treatment  (if  one  exists)  is  never  lOO'yf.  The  larger  the 
sample  size,  the  more  likely  it  is  that  a  difference,  if  one 
exists,  will  emerge,  and  that  the  difference  that  can  be 
shown  to  be  statistically  significant  will  be  smaller.  But 
power  (sample  size)  costs  money.  ARDS  trials  are  ex- 
tremely expensive.  Depending  on  the  intervention,  they 
may  cost  upward  of  $20. 000  per  patient.  Some  adult  trials 
will  require  prohibitive  quantities  of  drug.  Not  many  RCTs 
of  500  ARDS  patients  will  ever  take  place.  The  in\'estment 
and  the  financial  risk  are  both  excessive. 

The  current  process  for  'finding  a  cure"  emphasizes  iden- 
tification of  a  new  treatment  that  is  better  than  all  others, 
whether  the  others  are  applied  collectively  or  separately. 
The  control  group  has  access  to  all  approved  therapies  and 
perhaps  to  some  experimental  ones.  Even  if  the  treatment 
group  has  equal  access  to  all  therapies,  which  in  an  un- 
blinded trial  is  unlikely,  success  in  a  mortality  trial  de- 
mands a  massive  improvement  over  other  accepted  treat- 
ments. Moreover,  the  establishment  of  one  such  "winner" 
could  prevent  other  useful  therapies  from  emerging  by 
raising  the  gate  for  acceptance  and  preventing  appnnal  of 
new  treatments  that  might  make  special  contributions  to 
ARDS  inanagement  yet  not  produce  a  fiMlher  measurable 
increment  in  survival. 

We  believe  that  ARDS  trials  can  succeed.  But  theynuist 
be  carefully  planned,  and  they  must  target  reasonable  end 
points. 

lnteiisi\c  care  is  a  prohleni-orienleil  venture.  Though 
intensivists  like  to  think  we  set  otn-  siies  on  ullimale  sin- 
Nival,  we  generally  approach  patient  care  in  a  probleni- 
oriented  fashion.  At  any  moment,  we  treat  to  raise  oxygen 
tension,  improve  cardiac  output,  reduce  intracranial  pres- 
siiiv.  kill  bacteria,  quench  inllamnuilion.  stop  blood  loss. 
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or  eliiiiiiialc  pain.  Sekloni  do  \\c  know  thai  any  spccilk' 
therapy  will  delennine  outcome.  End  points  ol  ARDS  tri- 
als should  combine  proof  of  safety  with  a  measurable  ef- 
lect  that  represents  a  desired  end.  like  recruiting  lung, 
improving  oxygenation,  or  quenching  inllammation.  Treat- 
ments should  be  evaluated  on  the  basis  of  our  reasonable 
expectations  of  them  (on  the  basis  of  how  we  hope  to  use 
them)  not  on  an  as-yet-unfoundod  helief  thai  there  will  be 
one  magic  bullet  for  ARDS. 
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1997  Donald  F  Egan  Scientific  Lecture 


The  'Whys'  and  'Wherefores'  of  Measuring  Outcomes 
in  Respiratory  Critical  Care 

William  J  Sibbald  MD 


Thank  \oii  \ei\  much.  Madame  President.  It  is  a  plea- 
sure to  be  with  you  and  your  organization  today.  It  is  also 
an  honor  to  be  part  of  your  Congress  and  to  bring  to  you 
a  message  about  outcomes  measurement  and  health  ser- 
vices research.  As  health  care  professionals,  you  have  be- 
come increasingly  familiar  with  these  terms  over  the  last 
few  years.  We  know  that  your  future  clinical  activity  in 
respiratory  care  will  become  increasingly  dominated  by  a 
requirement  for  knowledge  in  the  health  services  field. 
particularly  in  terms  of  measuring  the  impact  of  your  care 
processes. 

I  am  indebted  to  the  sponsors  of  this  lecture,  which  was 
named  for  Dr  Egan,  one  of  the  pioneers  in  the  field  of 
respiratory  care.  In  this  lecture.  I  hope  to  recreate  the 
excellence  that  he  gave  it)  us  in  his  contributions  to  your 
discipline. 

In  looking  for  ways  to  share  with  you  the  passion  I  feel 
about  health  services  research  and  to  help  you  understand 
why  it  is  becoming  an  important  part  of  our  professional 
paradigm.  I  am  going  to  paraphrase  a  quotation  to  create  a 
perspective:  "We  trained  hard,  but  it  seemed  that  every 
time  we  were  beginning  to  form  up  into  teams,  we  would 
be  reorganized.  I  was  to  learn  later  in  life  that  we  tend  to 
meet  any  new  situation  by  reorganizing — and  a  wonderfiil 
method  it  can  be.  for  it  creates  the  illusion  of  progress. 
while  at  the  same  time  producing  confusion,  inefficiency, 
and  demoralization."  While  this  is  probably  an  apt  descrip- 
tion of  what  \()u  and  I  feel  as  professionals  in  health  care 
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today,  the  sobering  fact  is  that  this  statement  is  attributed 
to  Gaius  Petronicus  Arbitrar  in  the  )ear  210  tic. 

Nevertheless,  the  take-home  message  of  this  quotation 
is  that  change  will  be  a  feature  of  the  health  care  landscape 
for  the  foreseeable  future,  and  I  will  argue  that  our  respon- 
sibility in  coping  with  change  includes  a  commitment  to 
measure,  analyze,  and  interpret  what  we  are  doing  so  that 
we  can  provide  the  highest  quality  and  most  affordable 
health  care  possible.  In  this  context,  today's  address  will 
focus  on  health  services  research  and  outcomes  measure- 
ment. I  will  explain  why  we  need  this  activity  by  showing 
some  examples,  and  I  will  also  emphasize  the  concepts  of 
evidence-based  decision-making  and  research  transfer. 

Let  us  begin  by  asking.  "Why  would  you  invite  me  to 
talk  to  you  about  health  outcoines  research?"  While  I  have 
argued  that  change  should  be  anticipated  as  a  normal  part 
of  health  care,  the  pace  of  current  change  activities  in  all 
western  nations  is  phenomenal.  Part  of  that  change  is  a 
challenge  to  our  professional  organizations  to  lead  im- 
provement in  clinical  effectiveness.  Clinical  effectiveness 
can  be  defined  as:  ".  .  .  for  the  right  patient,  doing  the  right 
thing  at  the  right  time  in  the  right  setting  by  the  right 
health  care  provider,  using  the  right  resources."'  Above 
all,  iiTiproving  clinical  effectiveness  is  a  sensible  way  for 
us  to  manage  the  imbalance  that  exists  between  available 
resources  and  resources  required  to  care  for  our  patients. 
Now,  here  is  another  definition  for  you — health  services 
research  is  a  multidisciplinary  field  of  inquir> .  both  basic 
and  applied,  that  examines  uses,  costs,  quality,  accessibil- 
ity and  delivery,  financing,  and  effects  of  health  services 
for  individuals  or  populations.'  This  is  the  broad  discipline 
under  which  health  outcomes  research  falls. 

In  addition  to  measuring  outcomes,  theic  ate  other  core 
competencies  in  the  health  services  domain  that  our  sys- 
tem needs  at  this  time,  including  risk  stratification,  assess- 
ment of  cost-effectiveness,  measurement  of  the  quality  of 
life  and  the  qutility  of  care,  and  economic  evaluations.  If 
these  are  skills  that  are  increasingly  required  h\  today's 
respiratory  care  leader,  then  where  have  we  built  this  know  I- 
edge  into  our  training  programs?  When  you  did  \otir  pro- 
fessional training,  how  many  of  you  received  coiiise-uoik 
in  these  competencies'.' 
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Ydli  arc  nut  alone  in  bciny  ill-prcpaivd  lor  the  new 
skills  required  in  our  health  system,  hi  a  recent  training 
session  with  a  group  of  final-year  residents,  participants 
said.  "We  go  out  and  apply  for  a  job  and  we  are  asked 
what  we  know  about  risk  stratification,  assessing  cost- 
cflectiveness.  measuring  outcomes,  economic  evaluations, 
quality  of  care,  and  evidence-based  medicine."  They  felt 
that  the  leaders  of  our  academic  health  centers  had  let 
them  down  by  not  providing  the  broad-based  education  in 
the  core  competencies  of  health  services  that  is  increas- 
ingly required  to  practice  in  today's  health  system.  I  have 
a  challenge  to  pose  to  the  leadership  of  your  Association: 
Consider  the  development  of  training  opportunities  for  your 
membership  in  the  health  services  competencies.  Create  a 
sequence  of  training  opportunities  in  measuring  outcomes, 
risk  stratification,  cost-effectiveness,  quality  of  life,  qual- 
ity of  care,  and  evidence-based  health  care.  Until  we  learn 
and  practice  these  skills,  our  health  system  will  contract 
out  to  other  organizations  to  do  and  interpret  the  measure- 
ments, and  who  will  then  advise  us  how  to  improve  our 
clinical  effectiveness  activities?  The  concern  I  have  with 
this  approach  is  that  the  ability  to  truly  understand  the 
c|iiestion,  to  meaningfully  interpret  and  analyze  the  data, 
and  then  lo  act  on  what  it  tells  us  requires  a  large  measure 
of  'local,  cliniccil  tlavor.'  Contract  research  organizations 
simply  cannot  give  this  meaningful  aspect  to  the  process 
of  outcomes  measurement.  If  we  have  the  knowledge,  we 
can  own  the  activity — and  then,  we  can  more  appropri- 
ately be  held  accountable  for  our  actions. 

One  of  the  objectives  that  your  incoming  president  sug- 
gested for  you  might  be  reinterpreted  to  challenge  us  to 
"learn  together — this  thing  called  health  services  re- 
search— so  that  we  can  be  in  charge  of  the  data."  By  being 
responsible  in  knowing  how  to  collect,  analyze,  and  inter- 
pret data  describing  what  we  are  doing,  we  can  then  apply 
our  professional  knowledge  to  ensine  that  oui-  patients 
receive  clinically  effective  care. 

Let  me  build  upon  these  opening  comments  with  some 
clinical  examples.  Remember  the  annual  "quality  project." 
Like  you.  once  a  year  I  get  a  letter  from  one  of  the  vice- 
presidents  that  says  ""Congratulations.  You  have  been  se- 
lected to  champion  an  annual  quality  project. ""  Since  senior 
management  has  heard  from  other  administrative  col- 
leagues that  "readmissions"  can  be  used  as  an  indicator  of 
performance,  in  this  scenario,  you  are  asked  to  chair  a 
committee  to  review  intensive  care  unit  (ICU)  readmis- 
sions and  then  to  create  guidelines  that  would  minimize 
this  problem.  What  do  you  do?  The  evidence-based  med- 
icine paradigm  is  a  good  starting  point. 

Evidence-based  medicine  emphasizes  the  need  to  base 
clinical  decision-making,  wherever  possible,  on  the  results 
of  rigorously  controlled  investigation  and  the  need  for  cau- 
tion when  clinical  decisions  rest  only  on  the  results  of  data 
Irom  nonhiimaii  studies  and  uncontrolled  observations. - 


lahlc  I.       Steps  in   Ihc  I'iocl-ss  cil  A|i|ilymg  ■b\ kIctilc'  to  Yiiur 
Piiiclice. 

Create  a  lueused  elinieal  i|iiesiion 

From  the  backsirounci  ol  your  clinieal  piobleni.  crealc  an 
unambliiuous  i|iiestion  auainsi  uhieh  _\ou  could  evaluate  the 
content  ol  a  -.caivh 
.Syslematically  -search  the  lueialure 

Identily  the  most  appiopiiate  evidence  source  to  search,  for 
example.  MEDLINE 
Assess  the  validity  ol  studies  identilied 

Using  the  process  ol  critical  appiaisal,  levieu  the  evidence  and  rank 
it  according  to  its  siienglh 
Apply  the  results  to  your  clinical  piactice 

Create  a  process  to  implement  the  e\idence 
Evaluate  pertormance 

Always  'close  tlie  loop'  h\  deleiiiuning  il  the  outcome  gained  is  as 
evpected  tioni  youi  e\  idence  seaich 


When  applying  the  e\  idence-based  medicine  paradigm  to 
either  clinical  or  adtninistrative  problems,  the  first  step  is 
to  create  a  clear  and  unambiguous  question  about  the  issue 
(Table  1 ).  Perhaps  the  question  might  be  formulated  as. 
""What  is  a  readmission  to  the  ICU  and  what  are  the  factors 
that  are  known  to  intluence  ICU  readmission  rates?" 

As  Table  1  demonstrates,  once  the  que.stion  is  formu- 
lated, the  next  task  is  to  select  the  most  likely  resource  to 
answer  the  question.  We  are  increasingly  aware  that  printed 
material  in  textbooks  may  be  out  of  date  when  published 
because  of  the  slow  turnaround  from  putting  the  content 
on  paper  to  getting  the  product  out  to  front-line  decision- 
makers. In  this  electronic  age,  there  are  solutions  in  that 
the  most  recent  knowledge  can  be  made  available  from  the 
National  Library  of  Medicine  (and  other  databases)  through 
MEDLINE.  For  those  of  you  who  do  not  normally  access 
MEDLINE  in  your  hospital,  the  governinent  has  made  a 
commitment  to  your  transfer  of  knowledge  by  creating  an 
electronic  resource,  PubMetl.  So.  as  you  begin  thinking 
about  the  quality  project  on  ICU  readmissions,  the  first 
thing  you  need  is  the  PubMecl  uniform  resource  locator 
(URL);  http://www.ncbi.nlm.nih.gov/PubMed/.  The 
American  Association  for  Respiratory  Care  home  page 
(http://www.aarc.org)  provides  direct  access.  PubMed  is 
a  free,  on-line.  National  Library  of  Medicine-sponsored 
environment  where  we  can  go  via  the  World  Wide  Web  to 
ask  questions  and  discover  evidence. 

In  accessing  this  universal  resource  locator,  you  can 
also  find  learning  tools  about  how  to  create  a  search  strat- 
egy. In  addition  to  this  learning  environment,  there  are 
good  papers  that  explain  how  to  make  an  electronic 
search.""'  And  perhaps  as  a  first  step,  visit  your  hospital 
librarian,  a  professional  who  has  been  trained  in  searching 
the  National  Library  of  Medicine's  database  and  who  will 
not  only  help  yott  I'ormtilate  and  search  the  question  but 
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Tahk-  :.       LcsL-K  ol  Rc-caivh  A|i|iro.Khcv   In  Anvwi-niii!  Oiicsli.ins, 
Riyiirous  SukIn.  As  IjiiploscLl  in  ;i  RamJnini/L-d  Conliolk\l 
Trial  (RCT).  Is  More  Likely  To  Idenlil)  ■Tiulh'  m  llic 
Experimental  Question  Than  Are  Relri)speeti\e  or  C'lniical 
Case  Stuclics. 


Level  I 


Level  3 
Le\el  4 
Level  5 


Large  RCT 

Little  ehanee  ol  sialisiical  errors 
Smaller  RCT 

More  ehanee  ol  sialisiical  errors 
Cohort  stiklies,  concurrent  controls 
Retrospective  stuJies,  historical  coi 
Opinion  aiul  personal  experience  (i 


will  help  you  tiiidLTsiaiid  how  lo  analy/c  ihc  icsults  ol 
yoiif  seaivh. 

In  returning  tii  mir  e|uestiiin.  when  we  searched 
MEDLINE  tor  evidence  of  previous  research  on  \CV  re- 
admissions,  we  discovered  a  number  of  published  articles. 
Table  I  shows  that  the  next  step  is  to  critically  appraise  the 
research  work  that  is  found  to  determine  the  validity  and 
truthfulness  of  the  observations.  In  any  scientific  question, 
remember  that  there  are  a  number  of  approaches,  ranging 
from  a  randomized  controlled  trial  to  case  reports,  to  de- 
termine the  answer.  Tabic  2  lists  some  of  the  different 
approaches  to  answering  scientific  questions,  and  it  ex- 
plains why  e\  idencc  froni  a  randomized  controlled  trial 
should  be  accepted  as  stronger  e\  idencc  than  descriptions 
contained  in  case  reports. 

The  process  of  critical  appraisal  is  another  of  the  im- 
portant contributions  of  the  evidence-based  medicine  par- 
adigm. The  JAMA  series  on  evidence-based  medicine, 
which  was  published  over  the  past  5  or  6  years. '^  is  a  rich 
source  of  knowledge  on  how  to  inake  a  critical  appraisal. 
In  this  series,  instruction  is  pro\  ided  on  how  to  critically 
appraise  various  articles  that  constitute  the  health  caic  lit- 
erature— for  example.  "How  to  Use  an  Article  about  Thci  - 
apy  Or  Prevention.  .  .""''  and  "How  to  Use  an  Article  about 
a  Diagnostic  Test.  .  .'"'  Full  reference  to  all  of  these  arti- 
cles can  be  found  by  simply  searching  PubMed  under  thc 
terms  'evidence-based  medicine"  and  "revievv.'  Anothci 
source  of  information  regarding  evidence-based  medicine, 
how  to  do  it.  and  how  to  use  it  is  found  on  the  Web  site  lot 
our  Academic  Health  Sciences  Network  at  the  Uni\crsit\ 
of  Western  Ontario  (htt|)://ahsn.lli.sc.(>n.ca  I.  There  ate  also 
a  number  of  textbooks  and  woikbooks  that  \oii  can  access 
for  learning. 

Returning  to  our  question  about  IC'U  readmissions.  ii  is 
important  (as  in  other  research  questions)  to  use  ihe  ciii- 
ical  appraisal  process  and  ask  .^  fundamental  questions  of 
published  work  that  you  find  via  MEDLINE  searches:'  Is 
the  evidence  valid'.'"  What  is  the  evidence"  Anil,  can  the 
evidence  be  applied  lo  the  care  of  m\  paiienls.'  In  the 
JAMA  e\  idencc-biised  medicine  seiies.  sou  will  liinl  de- 


scriptions about  how  to  critically  appraise  articles  on  ther- 
apy, diagnosis,  harm,  prognosis.  o\er\  iews.  practice  guide- 
lines, decision  and  economic  analyses,  and  more.  The 
articles  tell  \i)u  whs  it  is  important  to  make  a  critical 
appraisal  and  how  to  do  it.  An  important  component  of 
these  articles  is  their  summary  tables,  which  can  be  pho- 
tocopied, laminated,  and  put  in  your  pocket  for  easy  ref- 
erence, and  which  highlight  key  questions  to  ask  of  any 
article  in  determining  its  validity. 

In  again  returning  to  our  question  about  ICU  readmis- 
sions and  remembering  that  we  had  identified  by  our 
MEDLINE  search  a  number  of  articles  discussing  this  topic. 
I  applied  the  approach  to  their  evaluation  as  described  by 
Naylor  and  Guyatt  in  their  JAMA  article.  "How  to  Use  an 
Article  about  a  Clinical  Utilization  Review."**  Naylor  and 
Guyatt  provide  the  foundation  for  an  approach  to  under- 
standing articles  on  health  care  utilization  that  easily  ap- 
plies to  articles  describing  ICU  readmissions.  Table  3  lists 
the  different  questions  that  need  to  be  answered  when 
analyzing  an  article  about  clinical  utilization  review.  Of 
importance  when  applying  these  questions  to  the  published 
articles  discosered  in  our  .search  about  ICU  readmissions. 
most  of  the  articles  were  retrospective  studies  and  there- 
foie  open  to  bias.  .At  the  conclusion  of  this  level  of  our 
imestigation.  sse  can  agree  that  evidence  put  forward  by 
colleagues  in  |ieer-refereed  literature  describing  ICU  re- 
admissions could  be  improved  upon  because  of  its  retro- 
spective nature.  In  fact,  one  of  the  "opportunities'  in  the 
ev  idence-based  medicine  paradigm  is  the  discovery  that 
sou  can  contribute  to  evidence  generation:  Where  you 
hase  asked  the  question  and  cannot  find  good,  high-level 
ev  idence.  consider  designing  an  approach  to  piov  ide  this 
ev  idence  for  colleagues  to  reference  in  the  futine. 

In  the  latter  context,  we  determined  there  were  many 
w  av  s  to  enhance  the  validity  of  questions  relating  to  ICU 
resource  utilization.  One  of  the  approaches  we  have  found 
most  gratifying  is  the  development  of  an  ICU  network — a 
collaboiation  of  ICUs  o\'  different  sizes  and  roles  in  our 
health  system — to  share  knowledge  about  what  we  are 
doing  and  what  works.  I  began  to  appreciate  the  strength 
o\  this  approach  after  working  with  our  provincial  gov- 
cmiiieiit  on  a  strategic  planning  exercise  that  was  summa- 
I  i/ed  111  a  report  from  our  Working  Group  on  Critical  Care 
Mctlicmc."  In  this  report,  we  found  that  hospitals  in  gen- 
eral prov  itied  goml  episodic  care  lo  critically  ill  patients. 
We  also  found  little  cooixliiiation  among  care  providers 
and  the  insiiiuiioiis  and  agencies  involved.  We  fell  thcie 
were  great  opportunities  lor  more  efficient  use  vilf esotirces. 
hui  that  iiKire  effective  care  would  result  only  by  making 
impiDvements  in  set  vice  coordination,  communications 
linkages,  patient  iianspoiialii>n.  guidelines  use.  and  dviill- 
(ihilily  of  (hiki  nil  iiwdiiiifs  iiihl  iiiilizdiiiui.  From  this 
iniliative.  we  cieated  a  nelwoik  of  R'Ls  ihal  had  ihe  fol- 
low iiig  objectives: 
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Tahle  3.       AluKlgcd  yucsllons  m  Ap|.ily  to  Arllclcs  ahout  (.Imn.;!! 
Utili/ation  Review. 

Aie  the  crileria  valid'.' 

Was  an  explicit  and  sensible  process  used  lo  ideiililN.  select,  and 

combine  evidence  for  the  criteria? 
What  is  the  quality  of  the  evidence  used  in  framing  the  criteria ' 
If  necessary,  was  an  e.xplicit.  systematic,  and  reliable  process  used 

10  tap  expert  opinion? 
Was  an  explicit  and  sensible  process  used  to  consider  the  relative 

value  of  different  outcomes? 
If  the  quality  of  the  evidence  used  in  originally  liaiiunti  the  crucna 

was  weak,  have  the  criteria  themselves  been  correlated  with 

patient  outcomes? 
Were  the  crileria  applied  appropriately? 

Was  the  process  of  applying  the  criteria  reliable,  unbiased,  and 

likely  to  yield  robust  conclusions? 
What  is  the  impact  of  uncertainty  associated  with  evidence  and 

values  on  the  criteria-based  ratings  of  the  process  of  care? 
Can  you  use  the  criteria  in  your  own  practice  setting? 
Are  the  criteria  relevant  to  your  practice  setting? 
Have  the  criteria  been  field-tested  for  feasibility? 


.ul,ipieil  I 


1 .  To  establish  and  maintain  a  legistry  of  the  struettiie 
and  activity  of  the  critical  care  facihties  in  our  region. 

2.  To  establish  and  maintain  a  registry  of  the  resources 
used  and  outcomes  achieved. 

3.  To  develop  data  analyses  and  reporting  mechanisms 
that  described,  compared,  and  evaluated  cuirent  activities. 

4.  To  develop  specific  protocols  designed  to  examine 
and  improve  utilization  management  and  total  quality  man- 
agement in  the  member  critical  care  facilities. 

Key  to  this  initiative  was  an  understanding  that  ci)l lab- 
oration  ci)uld  identify  and  share  best  practices.  From  a 
small  beginning,  the  Critical  Care  Research  Network  (CCR- 
Net)  in  Ontario  has  now  grown  to  include  in  excess  of  50 
hospitals  in  its  various  activities.  An  early  commitment 
was  to  agree  on  a  template  that  would  drive  our  health 
services  research  activities.  In  talking  to  my  brother-in- 
law.  I  learned  that  quality-improvement  templates  in  com- 
panies such  as  General  Motors  include  four  basic  ques- 
tions (listed  in  Table  4).  and  the  network  hospitals  quickly 
adopted  this  approach  to  their  questioning.  Let  me  explain 
in  more  detail  by  returning  once  again  to  our  initial  prob- 
lem— ICU  readmissions. 

Remember  that  in  the  model  I  presented,  you,  as  the 
lead  in  the  ICU  readmission  project,  had  been  asked  to 
create  guidelines  to  minimize  the  problem  of  readmis- 
sions. What  this  quality-improvement  model  tells  us  is  that 
it  is  wrong  to  conceptualize  the  solution  (ie,  create  a  guide- 
line or  pathway)  until  you  understand  the  scope  of  the 
problem.  Has  that  ever  happened  to  you?  Next  time  some- 
body asks  you  to  sit  on  a  clinical  guidelines  committee, 
ask  them  if  they  can  describe  the  scope  of  the  pioblem  that 


Table  4.       t-oiu  (Jucslions  to  Dclnie  an  .Approach  lo  'Qualily 
Improvement' 

What  are  we  doing  now'.' 

Data  collection — inputs  and  outputs 
How  well  are  we  doing' 

Benchmarking  (comparing  care  processes  among  peer  institutions 
Can  we  do  belter'.' 

Comparing  resoiiiccs  used  and  outcomes  achieved  in  peer 
institutions  and  in  the  lileialuic 
How  can  we  best  achieve  these  improvements? 

'Research  transfer' 


you  are  addressing.  Encourage  them  to  ask  the  questions. 
"What  are  we  doing  now?"  and  "Can  we  do  better?"  be- 
fore they  eiTibark  on  the  solution!  I  have  found  that,  in 
many  guideline  activities,  the  development  of  rationale  to 
support  guideline  development  (ie,  identifying  the  magni- 
tude of  the  problem  and  whether  improvement  can  be 
achieved)  has  not  been  thought  out  in  advance. 

In  the  quality-improvement  model  outlined  in  Table  4, 
the  first  question.  "What  are  we  doing  now?"  requires 
identification  of  a  database.  In  our  CCR-Net.  the  first  thing 
we  did  was  meet  with  our  community  hospital  partners  to 
identify  a  minimum  data  set.  This  database,  collected  in 
an  ongoing  and  retrospective  manner,  allowed  us  to  go 
back  and  ask  individual  questions  of  it.  For  example, 
"What  is  the  magnitude  of  ICU  readrnission  and  does  it 
differ  between  hospitals  of  different  sizes  and  with  roles 
in  the  system?"  Once  we  identified  the  scope  of  our 
readmission  rates,  benchmarking  could  then  be  under- 
taken to  help  determine  if  we  have  a  problem  at  all. 
Benchmarking  is  another  part  of  the  outcomes  process — 
comparing  and  describing  differences  within  and  be- 
tween peer  hospitals  (Table  5),  Benchmarking  often  re- 
quires that  the  methodologist  be  sensitive  to  the  fact  that 
some  hospitals  have  cases  of  different  illness  severity 
than  others.  Therefore,  benchmarking  requires  that  ad- 
justments be  made  to  the  database  for  illness  severity, 
among  other  issues,  such  that  all  hospitals  that  are  part 
of  the  benchrnarking  process  can  agree  that  conclusions 
may  be  generalized  to  all.  In  addition  to  benchmarking 
in  your  own  data  set,  benchmarking  can  also  be  done 
with  published  work  that  is  found  in  MEDLINE  and 
other  databases. 

Now  returning  to  our  question,  analysis  of  readmissions 
in  CCR-Net  niember  hospitals  revealed  that  4,6'7r  of  pa- 
tients discharged  frorn  our  ICU  were  readmitted  during  the 
same  hospitalization  (a  percentage  similar  to  that  in  liter- 
ature reports):  45%  of  these  patients  were  readmitted  be- 
cause the  initial  disease  recurred,  and  40%  had  new  com- 
plications. Patients  with  gastrointestinal  and  central  nervous 
system  diagnoses  had  the  highest  rtites  of  readmission. 
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Slops  In  lliL'  Hciichni;iikiiij!  nf  Clinical  Process  Data. 

Dcline  a  process  of  interesi 

Galher  data  to  dcsciibc  the  process 

Compare  process  « iili  that  ol  peers 

Identify  factors  ihal  dri\e  superior  perlorniance 

Adopt  these  laclois 

Assess  iiiipaci 


Now.  lei  nie  Miinmarize  where  we  have  come  to  on  the 
quality-improvement  project  scenario  relating  to  ICU  re- 
admissions: 

1 .  First,  we  ilet'iiied  wiiat  we  meant  by  an  ICU  readmis- 
sion.  using  experience  drawn  from  the  medical  literatuie. 
which,  of  course,  was  critically  appraised. 

2.  Next,  we  set  up  a  system  to  measure  readmission 
rates  in  our  ICU  and  then  benchmarked  it  with  readmis- 
sion rates  in  ICUs  similar  to  ours  and  with  the  literature 
(after  appropriate  critical  appraisal). 

3.  We  then  had  to  determine  if  a  problem  existed — that 
is.  we  asked  if  our  readmission  rates  needed  to  be  im- 
proved. 

4.  Finally,  we  establisheil  a  process  to  identify  specific 
activities  that  could  be  used  to  reduce  our  readmission 
rates.  In  this  process,  we  analyzed  factors  in  individual 
cases  that  might  have  led  to  readmission,  and  we  learned 
from  other  people's  experiences  in  critically-appraised  lit- 
erature as  well  as  from  "best  practices"  determined  by 
discussions  with  our  partners  in  the  CCR-Net.  Then,  we 
discussed  and  implemented  care  maps  and  guidelines  to 
specifically  deal  with  the  activity  we  found  that  promoted 
readmission. 

In  summary,  this  (.|uality-impro\ement  activity  was  in 
reality  an  outcomes  research  project.  ".  .  .  the  set  of  activ- 
ities involved  in  generating,  collecting,  analyzing,  and  ap- 
plying information  about  the  results  of  outcomes  in  ciitical 
care  of  an  intervention  (or  its  lack)  on  a  previous  siale  of 
health."'" 

We  have  found  that  ihe  collaboration  of  hos|iitals  on 
outcomes  research  projects  also  leads  to  more  effective 
implementation — the  participants  work  togetherto  discover 
new  knowledge  and  then  write  up  the  data  for  submission 
to  a  peer-reviewed  journal.  The  article  will  come  out  undei 
iheir  name.  They  assume  ownership  for  the  findings  on 
solutions  to  readmissions.  With  this  ownership,  they  create 
change  that  is  stistainable — they  don'l  neeil  senior  man- 
agemenl  to  tell  ihem  how  to  do  things  bccatisc  //xv'rc 
discovered  Ihe  research,  ilu-y  own  ii.  iUK\  ilicv  will  make 
the  change. 

Let  me  show  you  another  example  ol  Ihe  wav  outcomes 
research  can  be  practiced  to  drive  improvements  in  clinical 
effectiveness  using  a  "neluork'  approach.  At  one  of  otu 
meetings,  members  of  oiii  coininiinilv  hospital  partners  in 
the  CCR-Net  askeil  ahmit  the  process  bv  which  we  leeil 


critically  ill  patients  in  our  ICU.  One  of  them  said.  "My 
hospital  CEO  was  just  recently  visited  by  somebody  from 
a  new  enteral  feeding  company  who  says  that  they  can  do 
things  cost-effectively,  and  they  want  me  to  change  my 
current  contract.  But  I  think  it's  going  to  cost  more!  What 
do  I  do?  My  budget  can't  afford  it." 

In  addressing  this  to  the  network,  we  then  retiiiiied  to 
the  quality-improvement  model  (see  Table  4).  Again,  the 
first  question  to  ask  is,  what  they  were  doing  at  this  time 
in  terms  of  enteral  feeding  in  their  ICU?  Not  many  ICUs 
rigorously  record  the  methods  employed  in  feeding  their 
patients,  and  the  CCR-Net  member  hospitals  were  no  dif- 
ferent. With  this  challenge,  for  3  months,  members  of  the 
CCR-Net  gathered  data  on  who  was  being  fed,  for  how 
long,  and  with  what.  While  they  gathered  data,  we  de- 
signed a  process  to  bring  them  together  to  learn  skills  in 
the  evidence-based  medicine  paradigm.  Specifically,  we 
taught  them  how  to  search  the  literature  to  find  out  what 
other  ICUs  were  doing  in  terms  of  feeding.  We  then  taught 
them  how  to  critically  appraise  this  work  so  they  could  use 
only  the  work  that  was  valid.  From  this  experience,  they 
were  able  to  find  published  work,  which,  after  critical 
appraisal,  was  determined  to  be  high-level  evidence. 

Thus,  they  measured  what  they  were  doing  and  at  the 
same  time  undertook  a  literature  review  to  determine  what 
they  should  be  doing — comparing  the  two  allowed  them 
to  conclude  'appropriateness.'  From  their  collaboration  on 
a  collection  of  data  describing  feeding  and  compared  with 
what  the  literature  said  they  should  be  doing,  the  network 
members  found  vahaiion  among  their  ICU  practices.  While 
there  are  many  reasons  offered  to  explain  variation  in  prac- 
tice, outcome  researchers  agree  that  this  is  a  rich  field  for 
analyzing  change  opportunities:  Variation  usually  means 
that  improvements  can  be  applied  to  enhance  clinical  ef- 
fecliveness.'  - 

Returning  to  the  clinical  problem,  namelv.  how  shotild 
we  be  feeding  our  ICU  patients,  we  found  that  variation 
allowed  us  to  convince  each  other  that  a  common  clinical 
guideline  applied  among  all  CCR-Net  hospitals  might  lead 
to  improved  care.  Remember  that  clinical  guidelines  are 
systematically  developed  statements  to  assist  practitioners 
and  patients  make  decisions  about  appropriate  health  care 
foi-  specific  clinical  circumstances."  The  most  imporlanl 
part  about  clinical  gtiidelincs  is  thai  tliev  be  based  on 
evidence,  not  on  opinion.  Remember,  vou  cannot  pivstimc 
that  a  guideline  w  ill  work.  Voti  alwavs  have  to  evaluate  it. 

For  us.  the  exciting  nc\l  step  was  to  dcleiniiiie  if  Ihe 
process  in  fact  worked.  Therefore,  we  set  up  another  re- 
search project,  in  which  S  hospitals  were  stratified  to  re- 
ceive the  guideline,  and  X  olhers  were  nol  piov  idetl  this 
lool.  We  are  ctinvnllv  ineasiinng  Ihe  change  in  appropri- 
ateness ol  feeding  between  these  Iwo  groups  of  hospiials 
huletemiinc  il  litis  iiser-generaled  clinical  guideline  process 
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can  indeed  inipnne  Ihc  approprialeness  (if  care  (in  Ihis 
instance,  around  the  feeding  of  ICU  patientsi. 

As  we  ha\e  progressed  in  siiaring  the  e\  ideiice-hased 
paraiiigm.  outcomes  research,  and  other  areas  of  heahh 
ser\ices  with  our  hospital  partners  in  the  CCR-Net,  we 
ha\'e  committed  some  of  the  iechnii|ues  aiui  the  Jxnowl- 
cdge  base  to  our  Web  site  (http://ah,sii.lh.sc.<)n.ca). 

Another  learning  opportunity  for  us  was  the  disco\ery 
that  our  community  hospital  partners  valued  the  opportu- 
nit\  to  undertake  a  collaborative  clinical  research  effort 
with  us.  At  the  same  time,  our  university  also  valued  the 
professional  time  they  put  into  this.  We  therefore  went  to 
our  university  and  said.  "You  know,  we  have  a  number  of 
professionals  in  the  community — respiratory  therapists,  di- 
etitians, and  nurses — helping  us  gather  research  data.  As 
they  do  that,  they  learn  about  outcomes  research  and  about 
evidence-based  medicine."  The  university  therefore  al- 
lowed us  to  create  a  continuing  education  program  around 
these  activities — another  win-win  outcome. 

I  want  to  tell  you  about  another  scenario,  one  that  helps 
you  appreciate  the  strength  of  outcomes  research.  One  of 
our  ICU  physician  leaders  requested  the  purchase  of  end- 
tidal  carbon  dioxide  (Cd)  monitors  to  monitor  patients 
with  respiratory  failure  in  the  ICU.  He  had  been  in  a 
meeting  in  which  he  had  been  told  that  guidelines  had 
been  approved  by  one  of  the  professional  societies,  indi- 
cating that  all  patients  requiring  mechanical  ventilation 
should  be  monitored  by  end-tidal  CO,  monitors. 

At  the  same  time,  another  of  our  ICU  physician  col- 
leagues requested  that  we  consider  the  purchase  of  nonin- 
\asive  ventilators  because  he  had  recently  been  told  they 
were  cost-effective.  Let  us  agree,  for  the  sake  of  argument, 
that  our  budget  is  capped  this  year,  that  we  cannot  afford 
both  end-tidal  CO2  monitors  and  noninvasive  ventilators. 
In  this  case,  how  do  you  reconcile  the  needs  of  both  of 
these  colleagues?  Well,  this  is  where  evidence-ba.sed  med- 
icine and  outcomes  research  can,  once  again,  help.  First, 
we  brought  both  colleagues  together  and  challenged  them 
to  find  the  evidence  that  purchasing  and  intelligently  using 
the  technology  they  requested  would  improve  our  clinical 
effectiveness.  We  asked  them  to  return  to  the  series  of 
questions  outlined  in  Table  1  and  to  then  create  a  business 
case  for  our  ICU  committee. 

In  the  case  of  noninvasive  ventilation,  our  physicians 
pulled  together  colleagues  who  searched  the  literature  and. 
after  critical  appraisal,  did  not  find  one  clinical  trial  that 
unequivocally  demonstrated  that  noninvasive  ventilation 
would  improve  care  or  reduce  costs  with  no  change  in  care 
for  patients  with  respiratory  failure.  However,  what  was 
found  was  a  number  of  smaller  trials  that  allowed  synthe- 
sis in  the  form  of  a  meta-analysis.  In  this  approach,  the 
team  demonstrated  that  noninvasive  ventilators  applied  to 
patients  with  respiratory  failure  would  improve  care  and 
reduce  costs — that  is.  they  were  cost-effective.'" 


On  the  other  haiul.  the  phssician  colleague  who  re- 
quested end-tidal  CO^  monitors  found  no  published  work 
in  the  literature  describing  improved  outcomes  (or  reduced 
costs)  in  ICU  patients  with  ventilatory  failure  who  re- 
quired mechanical  assistance  and  who  were  concurrently 
monitored  with  end-tidal  CO,  monitors.  Therefore,  he  be- 
gan the  process  of  assessing  this  technology  in  his  own 
ICU  and,  to  his  chagrin,  found  that  in  the  very  patients  he 
felt  required  monitoring,  namely,  those  with  acute  respiratory 
failure,  the  end-tidal  COi  showed  poor  precision  and  bias 
with  the  arterial  partial  pressure  of  carbon  dioxide. 

What  we  were  left  with  was  a  decision  to  consider  pur- 
chase of  noninvasive  ventilators  with  evidence  that  they 
were  cost-effective  versus  a  decision  to  purchase  end-tidal 
CO-,  monitors  that  might  not  be  as  reliable  as  the  reference 
standard  (ie.  the  arterial  blood  gas).  It  was  an  easy  decision 
for  the  hospital,  most  importantly  because  it  was  based  on 
evidence.  This  is  another  reason  that  using  outcomes  re- 
search and  evidence-based  medicine  is  appealing — it  helps 
us  make  better  business  decisions. 

Now.  before  I  summarize,  let  me  share  another  exciting 
experience.  We  can  all  agree  that  there  is  little  data  de- 
scribing the  process  of  ventilatory  care  in  our  ICUs.  With 
support  from  Siemens,  we  created  a  model  by  which  ap- 
propriately encrypted  and  secured  data  describing  mechan- 
ical ventilation  in  the  participating  ICUs  could  be  gathered 
over  the  Web.  In  this  pilot  project,  we  have  10  hospitals 
gathering  data  every  day  on  the  Internet.  The  respiratory 
professionals  record  who  is  being  ventilated  and  why.  We 
also  have  a  chat  page  for  them  to  talk  to  one  another  about 
individual  problems  they  might  have.  We  think  that  it  will 
take  about  8  months  of  data  collection  before  we  have 
enough  patients  in  the  database  to  allow  the  participating 
hospitals  to  benchmark  the  data  with  each  other.  As  this  is 
only  a  pilot  project,  access  to  this  URL  is  limited  until  we 
determine  that  the  process  is  valid  and  secure. 

Now  let  me  summarize  what  1  hope  has  improved  your 
knowledge  about  evidence-based  health  care  and  outcomes 
research:  Outcomes  research  provides  a  fuller  understand- 
ing of  what  does  and  does  not  work  in  medical  diagnosis 
and  therapy,  thereby  enabling  both  patients  and  physicians 
to  make  better-informed,  more  efficacious,  and  more  ef- 
ficient health  care  decisions.  Outcomes  research  is  a  core 
foundation  upon  which  the  evidence-based  movement  has 
been  built.  There  is  no  ownership  in  outcomes  research.  It 
belongs  to  you.  You  are  the  outcomes  researchers. 

I  would  challenge  you  as  a  professional  association  to 
include  the  learning  of  skills  in  health  services,  including 
outcomes  research,  as  a  part  of  your  continuing  education 
agenda  for  the  future.  Mark  Twain  said.  "Theie's  some- 
thing fascinating  about  science — you  get  such  wholesale 
returns  and  conjecliMc  out  of  such  a  trivial  investment  of 
fact.""  Well.  that"s  not  what  outcomes  research  is.  Out- 
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comes  research  is  discovering  and  then  applyinjz  this  lo 
improve  clinical  effectiveness. 

Humans  are  almost  unique  in  ha\  ing  the  ability  to  learn 
from  the  experience  of  others,  and  they  are  also  remark- 
able for  their  apparent  disinclination  to  do  so.  I  am  saying 
to  you.  "Share  your  knowledge  with  each  other.  Become 
outcomes  researchers  as  a  group  and  find  a  way  to  share 
your  best  experiences,  your  best  practices  with  each  other," 

1  thoroughly  enjoyed  the  opportunity  of  visiting  with 
you  and  sharing  some  of  the  excitement  that  I  feel  for  this 
field.  I  hope  that  someday  in  the  future,  you  will  invite  me 
back  and  share  w  ith  me  some  of  the  message  that  I  hope 
I  have  left  with  vou.  Thank  vou  verv  much. 
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Astlinia  Kpideniinln^y:  Principles  and 
Methods,  Neil  Pe;nve.  Richard  BcaslcN. 
Carl  Burgess,  and  Julian  Crane.  Hardco\cr. 
266  pages.  New  YorUOxtbrd:  O.xftird  L'ni- 
\ersity  Press,  1998.  $49.95. 

Interest  in  the  epidemiology  of  asthma 
has  heightened  because  of  apparent  in- 
creases in  the  prevalence  and  severit\  o( 
asthma,  differences  in  prevalence  rates  in 
different  regions,  and  epidemics  of  asthma 
mortality.  This  book  aims  to  bring  together 
111  a  single  text  those  concepts  of  epidemi- 
ology relevant  to  studies  of  a.sthma.  The 
authors  highlight  these  concepts  with  nu- 
merous illustrations  from  published  descrip- 
ti\e.  case-control,  cross-sectional,  and  lon- 
gitudinal studies,  demonstrating  the 
principles,  methods,  and  complexities  of  de- 
termining the  epidemiology  of  asthma,  in- 
cluding its  prevalence,  development,  per- 
sistence, severity  and,  mortality. 

Part  I  covers  basic  principles  and  intro- 
duces readers  to  unfamiliar  and  easily  con- 
tused terms,  such  as  incidence  proportion, 
incidence  odds,  rate  ratio,  risk  ratio,  odds 
latio,  and  relative  risk,  together  with  for- 
mulas for  calculation  of  these  statistics  with 
standard  eiTors  and  p  values.  Issues  of  stud) 
design,  including  precision,  validity,  and  ef- 
fect modification,  are  re\iewed. 

In  Part  II,  the  authors  illustrate  measure- 
ments of  asthma  prevalence  by  symptom 
ciuestionnaire  and  physiologic  measures,  in- 
cluding airway  responsiveness,  and  discuss 
ivcent  internationally  standardized  studies 
in  adults  (European  Community  Respira- 
tors Health  .Study.  ECRH.S)  and  children 
(International  -Study  of  Asthma  and  Aller- 
gies in  Childhood,  ISAAC ).  Results  of  these 
studies  are  not  included.  Measurements  of 
asthma  morbidity — symptoms,  physiologic 
changes,  health  service  utilization,  medica- 
tion usage,  quality  of  life — are  reviewed 
and  illustrated  by  trials  of  pharmacological 
and  other  interventions.  The  longest  chap- 
ter, with  over  40  pages  of  text  and  some 
2S()  references,  deals  with  measurement  of 
asthma  risk  factors,  including  studies  of  in- 
door and  outdoor  allergens  and  air  pollut- 
ants, occupational  exposures,  genetics,  in- 
trauterine factors,  atopic  status,  diet.  \  iral 
infections,  and  en\  ironmental  tobacco 
smoke  exposure.  The  authors  do  not  at- 
tempt lo  provide  comprehensive  coverage 


of  these  risk  factors,  but  rather,  examples 
are  used  to  illustrate  principles  and  melh- 
ikIs  oi  sludv . 

Part  III  deals  with  asthma  mortality,  with 
a  short  chapter  on  time  trends  in  asthma 
tleaths,  and  a  substantial  chapter  on  causes 
ii\  asthma  death.  The  dominant  focus  of 
tliis  chapter  is  studies  of  pharmacological 
iisk  factors, pailicularly  short-acting /3-ago- 
nisis,  especially  fenoterol.  This  chapter 
takes  the  reader  through  the  authors'  tie- 
fence  of  the  validity  of  their  ca.se-control 
studies,  leading  to  the  conclusion  that  use 
of  fenoterol  increased  the  risk  of  asthma 
death  in  New  Zealand.  In  contrast,  non- 
pharmacologic  associations  with  asthma 
mortality  are  given  only  4  pages  of  this 
32-page  chapter.  It  is  of  interest  that,  while 
the  association  between  fenoterol  use  anti 
mortality  is  covered  extensively  in  this 
book,  the  authors'  controversial  hypothesis 
thai  tills  association  is  due  to  cardiac  tox- 
icity of  I'enolerol  is  not  mentioned. 

This  book  is  not  a  text  for  readers  seek- 
ing results  of  suidies  of  a.sthma  epidemiol- 
ogy, but  lather  is  tor  tho.se  wanting  an  un- 
derstanding of  how  epidemiological  data 
arc  obtained  and  calculated,  what  different 
epidemiological  terms  mean,  and  what  fac- 
tors innuence  these  measurements.  The  tar- 
get audience  will  be  respiratory  physicians, 
allergists,  pediatricians,  nursing  and  tech- 
nical staff  interested  in  asthma  care  and 
wanting  a  basic  understanding  of  epidemi- 
ologv.  or  epidemiologists  becoming  in- 
volved ill  studies  of  asthma. 

Overall,  the  authors  have  achieved  their 
aims  ol  illustrating  principles  and  methods 
in  epidemiology  pertinent  to  the  study  of 
asthma,  with  a  well-written  consistent  style 
aiul  extensive  referencing  of  published  stud- 
ies used  as  illustrations.  Readers  may  find 
the  chapter  on  study  design  options  some- 
what technical,  particularly  the  pages  of  sta- 
tistical fonnulae,  but  the  message  of  the 
chapter  can  be  understood  without  follow- 
ing the  details  of  the  mathematical  calcu- 
lations. A  few  tables  are  difficult  to  follow . 
Table  2.2  introduces  notation  that  will  be 
confusing  to  the  non.statistician  reader,  al- 
though the  meaning  of  notation  becomes 
clearer  when  illustrated  in  a  hypothetical 
sludv  in  Table  23.  Occasionallv  terms  are 


intr<xluced  in  text  or  tables  without  explana- 
tion, eg.  Page  .'^S  discusses  a  nested  case- 
control  study  not  previously  defined.  Simi- 
larly, in  example  5. 1 1 ,  the  terms  "rating  scale" 
and  'standard  gamble  utilities"  are  used  with- 
out explanation  or  leterence  to  a  source  doc- 
ument. 

The  book  is  well  produced  with  cleai'  type- 
face and  is  easily  read.  Tables  are  generally 
clear  and  well  referenced,  as  are  the  few  fig- 
ures. A  useful  index  is  included.  Up-to-date 
references  are  placed  alphabetically  at  the  end 
of  each  chapter.  A  number  of  typographical 
enors  were  delected,  but  these  were  minor. 

Malcolm  R  Sears  MB 

Professor  of  Medicine 

Firestone  Regional  Chest  &  Allergy  Unit 

St  Joseph's  Hospital-McMaster  University 

Hamilton,  Ontario,  Canada 

Diagnosis  and  Treatment  of  Symptoms  of 
the  Respiratory  Tract,  Richard  S  Irwin  MD, 
Frederick  J  Ciirley  MD,  and  Ronald  F  Gross- 
man MD,  Editors.  Hardcover,  illustrated.  637 
pages.  Armonk  NY;  Futura  Publishing  Co. 
Inc,  1997.  $125.00. 

Symptoms  referable  to  the  respiratory  tract 
are  the  most  common  reason  for  patients  to 
seek  outpatient  medical  care  in  the  United 
States.  Some  of  these  symptoms,  .such  as  dys- 
pnea, chest  pain,  and  hemoptysis,  may  be 
manifestations  of  an  immediately  life-threat- 
ening disease  process.  Others,  such  as  cough, 
epistaxis,  and  headache  are  generally  less  se- 
rious, but  no  less  troubling  to  the  patient. 
Symptoms  such  as  snoring  or  halitosis  may 
be  more  objectionable  to  companions  than  to 
the  afflicted  patient.  In  each  case,  the  chal- 
lenge for  the  clinician  is  ui  efficiently  deter- 
mine the  cause  of  the  symptom,  recognize 
serious  underlying  conditions  when  they  are 
present,  provide  specific  therapy  directed  at 
the  underlying  cause  when  possible,  and  of- 
fer nonspecific  symptom  relief.  Diagnosis 
unci  Trealnu'iil  of  Syinplonts  ofllie  Respira- 
toiy  Trad  is  intended  to  guide  clinicians 
through  this  series  of  decisions  for  each  of 
the  major  symptoms  of  the  respiratoty  tract. 
On  the  whole,  the  book  is  a  tremendous  suc- 
cess. Its  strength  lies  in  its  symptom-oriented 
organization,  its  consistently  scholarly  ap- 
proach, and  its  collection  of  commonly  man- 
aged problems  together  with  pooriy  under- 
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Drawing  on  their  experience  with  studies 
of  cough  and  dyspnea,  the  editors  have  de- 
veloped a  format  that  is  extremely  useful 
clinically.  Each  chapter  focuses  on  a  symp- 
tom rather  than  on  a  disease,  just  as  the 
clinician  focuses  on  the  chief  complaint  of 
each  patient.  These  include  cough,  dyspnea. 
wheeze,  hemoptysis,  chest  pain,  snoring,  sin- 
gultus, sneeze,  globus  sensation,  sore  throat, 
halitosis,  hoarseness,  epistaxis.  nasal  ob- 
struction, rhinorrhea.  and  postnasal  drip. 
Backgrounil  infoirnalion  on  relevant  anat- 
omy and  pathophysiology  is  presented  first, 
followed  by  a  discussion  of  the  factors  and 
diseases  that  can  produce  each  symptom.  A 
rational  diagnostic  approach  is  outlined,  and 
options  for  specific  treatment  of  the  under- 
lying causes,  and  nonspecific  symptomatic 
therapy  are  reviewed.  The  discussions  of 
nonspecific  symptomatic  therapies  are  par- 
ticularly useful  because  these  topics  are 
largely  neglected  in  disease-specific  texts 
and  in  medical  training  in  general. 

The  text  is  clearly  written,  logical,  and 
thoroughly  referenced,  although  some  chap- 
ters are  more  richly  developed  than  others. 
A  consistent  use  of  subheading  and  empha- 
sis styles  makes  it  relatively  ea.sy  to  nego- 
tiate each  chapter.  The  illustrations  are  a 
tremendous  asset.  Most  chapters  contain  a 
summary  algorithm  outlining  the  suggested 
overall  clinical  approach.  Important  points 
are  emphasized  with  simple  tables,  dia- 
grams, and  figures.  Illustrative  radiographs 
and  sharp  color  photographs  contribute  to 
the  visual  appeal  of  the  book  and  are  useful 
for  clinical  reference.  The  index  is  well  or- 
ganized with  major  and  minor  headings,  but 
also  cross-referenced.  A  relevant  page  num- 
ber is  listed  for  each  entry,  rather  than  re- 
ferring the  reader  to  a  dilfercnt  index  entry. 
Finally,  the  book  is  compact,  printed  with  a 
clearly  readable  font  on  good  quality  paper, 
and  neatly  bound.  I  found  only  one  minor 
typographical  error. 

I  have  few  criticisms  of  the  book.  De- 
tailed discussions  of  .specific  treatments  for 
all  known  causes  of  a  particular  symptom 
seem  beyond  the  scope  of  this  text.  In  gen- 
eral, considerable  space  is  devoted  to  dis- 
ease-specific treatment  recommendations 
that  are  nevertheless  loo  superficial  to  be 
really  useful  (eg.  the  overview  of  the  man- 
agement of  cystic  fibrosis  presented  in  the 
chapter.  "Whee/e").  A  reminder  to  pinsue 
therapy  directed  at  the  specific  cause  ami  a 
brief  statcmcnl  ol  pivscniK  ,i\ailahle  llier- 


apyoptioiis  would  suffice.  In  other  instances, 
specific  therapy  is  directly  rele\  ant  to  symp- 
tom relief,  offers  insight  into  pathophysiol- 
ogy, and  clearly  warrants  discussion  leg. 
continuous  positive  airway  pressure  lor  re- 
lief of  dyspnea  during  acute  asthma  or 
chronic  obstructive  pulmonaiy  disease  ex- 
acerbations, although  in  this  example.  1  do 
not  agree  with  the  proposed  mechanism  of 
action.)  Unfortunately,  the  same  running 
head  ("Chest  Pain:  Diagnosis")  is  used  for 
both  chest  pain  chapters  ("Pathophysiology 
and  Differential  Diagnosis"  and  "Diagnos- 
tic Strategies  and  Treatment"),  resulting  in 
unnecessary  difficulty  in  locating  the  chap- 
ter of  interest. 

The  intended  readership  iiiclueles  a  broad 
range  of  medical  care  providers,  including 
nurse  practitioners,  medical  trainees,  pri- 
mary care  physicians,  allergists,  otolaryn- 
gologists, and  pulmonologi.sts.  Although  the 
book  would  serve  as  a  useful  reference  for 
any  clinician,  I  find  it  better  suited  to  in- 
depth  study  than  to  quick  reference  uses 
becau.se  of  its  compreiiensive  and  detailed 
approach.  I  think  it  will  be  most  valuable  as 
a  definitive  reference  for  specialty  consult- 
ants for  these  reasons.  Respiratory  thera- 
pists may  find  the  book  u.seful,  particularly 
tho.se  involved  in  pulmonary  rehabilitation, 
home  care,  and  ambulatory  care.  The  em- 
phasis is  sensibly  placed  on  symptoms  eval- 
uated in  ambulatory  care  settings.  The  man- 
agement of  symptoms  under  special 
circumstances  (such  as  the  dyspnea,  cough, 
and  wheezing  commonly  experienced  by  pa- 
tients undergoing  mechanical  \entilation) 
arc  largely  ab.sent  from  this  othcrw  isc  com- 
prehensive work. 

In  summary,  this  textbook  is  v\ell -writ- 
ten, nicely  illustiated.  accurate,  up  to  date, 
and  extensively  referenced.  Its  symptom- 
oriented  approach  is  clinically  practical,  and 
the  contributions  of  the  authors  have  been 
carefully  merged  into  a  consistent,  highly- 
readable  volume.  It  will  be  useful  to  any 
clinician  caring  for  patients  with  respiratory 
symptoms  and  is  comprehensive  and  au- 
thiiritalive  enough  to  be  helpful  to  experi- 
enced specialty  consultants. 

Diivid  R  I'ark  Ml) 
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Non-Invasive  Respiratory  Support,  Anita 
K  Simonds  MD  FRCP.  Editor.  Soft-cover, 
illustrated.  173  pages.  London.  UK;  Chap- 
man &  Hall  Medical;  1996.  .$29.9.'S. 

The  editor,  who  is  also  the  primary  au- 
thor ol  1 1  of  the  16  chapters,  is  a  physician 
at  Royal  Brompton  Hospital.  Other  contrib- 
uting authors  are  physicians  and  physiother- 
apists. The  stated  purpose  of  the  hook  is  to 
describe  "practical  aspects  of  nasal  inter- 
mittent positive  pressure  ventilation,  nega- 
tive pressure  ventilation,  continuous  posi- 
tive airway  pressure  and  other  noninvasive 
respiratory  support  methods  in  adults  and 
children."  The  intent  of  the  book  is  to  go 
beyond  discussions  of  how  to  apply  nonin- 
vasive ventilation,  going  on  to  consider  when 
to  apply  the  therapy  and  why  it  works.  Em- 
phasis is  placed  on  noninvasive  positive 
pressure  ventilation  since  this  method  is 
more  widely  available. 

The  chapters  cover  a  wide  range  of  top- 
ics from  general  "pathophysiology  of  respi- 
ratory failure"  to  very  specific  "noninvasive 
\entilation  in  progressive  neuromuscular 
disea.se  and  multiple  handicaps."  The  more 
general  chapters  are  covered  in  a  cursoiy 
fashion  and  appear  naive.  For  example.  9 
pages  are  devoted  to  the  pathophysiology  of 
ventilatory  failure  and  22  to  noninvasive 
equipment.  The  chapters  cover  the  gamut  of 
patient  populations  from  the  operating  the- 
ater to  home  care,  but  the  organi/alion  of 
the  chapters  is  a  little  difficult  to  follov\ .  For 
example,  some  chapters  are  devoted  to  spe- 
cific disea.se  processes  such  as  restrictive 
and  obstructive  lung  disea.ses.  while  other 
chapters  focus  on  particular  therapies  such 
as  CPAP.  Cimsequently.  there  arc  times  the 
book  fails  to  'hang  together'  and  reads  more 
like  individual  articles  than  a  book. 

fhc  authors  provide  a  list  i.t\  abbrevia- 
tions that  is  helpful  for  the  unfamiliar  reader. 
The  appendi.xes  provide  useful  information, 
such  as  a  list  of  suppliers  of  ventilatory 
equipment  and  a  list  of  "useful  contact  ad- 
dresses." It  should  be  noted  that  the  authors 
are  from  the  United  Kingdom.  Ireland,  and 
France  so  the  locus  of  the  book  is  interna- 
tional, although  some  of  the  information  is 
specific  to  Europe.  The  authors  have  pro- 
vided an  iiKle\  ih.il  is  iiselul  In  ihe  ic;idcr. 

The  real  sueiiglli  ol  llie  bonk  is  Ihe  clin- 
ical pearls  drawn  1)0111  the  rich  experience 
of  the  aulhois,  loi  c\aiiiple.  the  authors  out- 
line various  lie;iliiieiil  options  10  consider 
bclorc  skiilmg  home  vciUil.ilioii  and  sug- 
gest technK|ues  lor  st.ii  ting  CP.AP.  Ihe  hook 
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incliidL's  iillKT  less  cDiiiiiion  topics  that  may 
be  helpful  in  managing  specific  patient  pop- 
nlatiiins.  such  as  pregnancy  and  scoliosis, 
pediatric  noninvasive  ventilation,  and  pro- 
gressive neuromuscular  disease.  Another 
helpful  topic  is  the  discussion  of  whether 
noninvasive  ventilation  is  e\en  appropriate 
for  some  patients. 

The  chapter  on  physiotherapy  and  nasal 
intermittent  positive  pressure  ventilation  dis- 
cusses patient  care  from  the  perspecti\c  ol' 
the  physiotherapist.  This  perspective  enconi- 
pas.ses  issues  that  would  be  managed  h\ 
nurses  and  respiratory  therapists  in  the 
United  States.  Examples  include  fear  and 
anxiety,  suctioning,  and  pressure  area  care. 
These  topics  provide  more  clinical  pearls 
and  highlight  the  importance  of  a  holistic 
perspective  in  managing  patients  on  nonin- 
\asive  ventilation.  However,  the  informa- 
tion is  presented  so  briefly  that  its  useful- 
ness is  diminished. 

The  chapters  are  well-written  and  refer- 
enced. There  are  times  when  the  text  reads 
more  like  a  review  of  literature  than  an  ap- 
plied handbook.  Supporting  data  are  dis- 
played in  charts  and  graphs.  There  are  nu- 
merous photographs  throughout  the 
chapters,  which  would  be  of  particular  in- 
terest to  the  novice  clinician. 

The  book  has  an  attractive  soft  cover  with 
a  picture  of  a  patient  on  the  cover.  How- 
ever, the  book  dimensions  (7.5  x  10  inches) 
preclude  cairying  in  one's  pocket,  making 
the  how-to  information  less  accessible  to 
the  clinician.  There  are  a  few  typographical 
errors.  The  numerous  photographs  and 
graphs  have  been  reproduced  clearly.  The 
references  are  cuirent. 

In  summary,  the  authors  have  achieved 
their  goal  of  going  beyond  the  luni-  of  non- 
invasive ventilation.  They  have  provided 
clinically  relevant  information  about  when 
to  apply  this  therapy  and  why  it  works.  The 
audience  who  would  benefit  most  from  read- 
ing this  book  are  clinicians  who  have  little 
experience  with  noninvasive  ventilation 
techniques  and  who  need  help  to  develop 
clinical  expertise.  The  major  limitation  is  the 
orszanization  and  coherence  of  the  material. 


Ann  R  Knehel  RN  DNSc 
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Oxygen  Regulation  of  Ion  Channels  and 
(Jene  Kxpression.  Jose  Lopez  Barneo  MD 
PhD  and  E  Kenneth  Weir  MD.  Editors. 
Hardcover.  352  pages.  Amionk  NY:  Futura 
Publishing  Co  Inc:  1998.  $120.00. 

Exposure  to  hypoxia  brings  about  rapid 
adjustments,  such  as  increase  in  ventilation 
and  a  rise  in  pulmonary  artery  pressure,  as 
well  as  longer-term  reactions  like  causing 
greater  erythropoietin  production  and 
greater  numbers  of  red  cells.  In  recent  years, 
majiir  advances  have  been  made  in  under- 
standing the  molecular  basis  of  these  events, 
which  are  summarized  in  the  book  O.vv.sje/! 
Rcfiiilcition  of  Ion  Channels  and  Gene  Ex- 
pression. The  book  has  its  origin  in  an  in- 
ternational workshop  held  in  Madrid  in  De- 
cember 1996.  and  the  book  chapters  seem 
to  be  based  largely  on  presentations  at  that 
meeting. 

The  first  part  of  the  book  deals  with  gene 
expression.  It  is  now  recognized  that  hyp- 
oxia. e\en  for  a  relatively  shon  period  of 
time,  can  induce  changes  in  the  expression 
of  genes  such  as  the  erythropoietin,  vascu- 
lar endothelial  growth  factor,  and  for  many 
of  the  enzymes  involved  in  anaerobic  gly- 
colysis. A  protein  called  "hypoxia  inducible 
factor"  (HIF-1 )  seems  to  play  a  major  role 
in  gene  induction,  particularly  for  erythro- 
poietin. HIP- 1  consists  of  2  proteins,  HIF- 
alpha  and  HIF-1  beta,  which  are  present 
even  during  normoxia.  HIF-alpha  contains 
cistern  sulfhydryl  group  which  remain  re- 
duced with  hypoxia  and  facilitate  HIF- 
I  binding  to  the  promoter  regions  of  the 
erythropoietin  gene.  The  exact  mechanisms 
that  are  involved  in  this  process  are  still 
unknown,  but  oxygen  radicals  may  be  in- 
volved since  hydrogen  peroxide  depresses 
erythropoietin  function. 

The  second  part  of  the  volume  is  con- 
cerned with  the  effects  of  hypoxia  on  po- 
tassium and  other  ion  channels.  The  rapid 
adjustments  to  hypoxia  are  initiated  by  the 


secretion  of  nctirotransmitters  from  the  t\  pe 
1  cells  of  the  carotid  body  and  the  contrac- 
tion of  the  smooth  muscle  of  the  pulmonary 
\asculature. 

Closure  of  the  potassium  channels  b\ 
hypoxia  leads  to  cell  depolarization  and  an 
increase  in  intracellular  calcium  (mainly 
from  the  extracellular  fluid  through  L-type 
calcium  channels).  The  higher  intracellular 
calcium  leads  to  neurotransmitter  release  in 
the  carotid  body  and  smooth  muscle  con- 
traction in  the  pulmonary  arterial  .system. 
Here  also,  oxygen  radicals  may  be  involved 
in  the  process,  while  a  hemoprotein,  per- 
haps in  the  potassium  channel  it.self,  actu- 
ally senses  the  oxygen  change. 

The  book  is  generally  a  good  summary 
of  recent  hypoxia  research,  pailicularly  on 
exciting  new  findings,  which  in  the  long 
run  will  lead  to  significant  therapeutic  ad- 
vances. Unfortunately,  like  many  books 
based  on  scientific  meetings,  the  chapters 
are  rather  uneven  in  clarity  and  interest. 
Some  descilbe  the  recent  expeilments  of  the 
authors  and  are  of  interest  primarily  to  those 
doing  research  in  similar  areas.  However. 
other  chapters  are  useful  summaries  of 
current  research  and  are  of  more  general 
interest. 

Many  of  the  leading  figures  in  research 
in  hypoxia  are  contributors  to  this  book, 
but  there  are  notable  investigators  miss- 
ing, and  little  attention  is  given  to  meta- 
bolic and  mitochondrial  theories  of  hyp- 
oxia sensing  or  to  a  discussion  of  the 
experimental  results  that  form  the  basis  of 
such  theories.  This  one-sided  approach  di- 
minishes the  value  of  the  book  for  the 
general  reader. 

Nonetheless,  if  you  can  afford  the  rather 
steep  cost  of  the  book  and  are  willing  to 
devote  more  than  spare  tiine  to  reading  it, 
there  are  noteworthy  rewards  in  terms  of 
the  new  insights  and  concepts  presented  on 
oxygen  lack  and  compensations  for  it. 

Neil  S  Cherniack  MD 
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Outcomes  research 
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future  ARDS  therapies.  988 
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respiratory  care  treatments,  letter,  224 
respiratory  critical  care,  1997  Donald  F  Egan  Scientific 
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Oxygen 

regulation,  ion  channels  and  gene  expression,  book  re- 
view. 1101 


Magnetic  resonance  imaging 

application  to  the  study  of  the  lung  (book  review).  494 

Managed  care 

sleep  disorders  and.  401 
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Oxygenation 

in  adult  respiratory  distress  syndrome,  classic  reprint. 
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Pain  control 
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Medical  history 

clinical  diagnosis  of  sleep  apnea,  288 

Medications 

sedative  and  analgesics,  administration  by  respiratory 
care  physicians.  655 
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itorial. 699 

inline  actuators  for  delivery  of  beta  agonist  and  corti- 
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Physicians 

acceptance  of  consult  services,  546 

medical  house  staff  and  consult  services,  549 


New  Horizons  Symposium 

medical  direction  of  respiratory  care  past  and  present, 
217 


Positive  pressure  therapy 
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New  Products 
&  Services 


Blue  Facial  Mask.  SleepNet  Corporation 
introduces  its  new,  blue  Phantom  Nasal 
Mask.  A  company  spokesperson  explained 
that  their  consumers  wanted  a  mask  that 
wouldn't  discolor  over  time.  SleepNet  lit- 
erature says  the  blue  mask  won't  discolor 
and  that  the  color  blue  is  a  therapeutic  sleep 
color  that  is  esthetically  pleasing  to  con- 
sumers. The  company  says  the  Phantom 
mask  is  latex  free  and  hypoallergenic  with 
a  gel  cushion  that  securely  conforms  to  the 
patient's  face,  minimizing  leaks.  SleepNet 
says  the  mask  is  designed  for  simplicity  with 
a  built-in  exhalation  port,  an  additional  port 
for  supplemental  oxygen  or  pressure  mea- 
surement, and  easy-to  use  headgear  with  an 
integrated  tube  and  swivel  to  direct  tubing 
away  from  the  patient's  field  of  vision.  For 
more  information  from  SleepNet,  circle  num- 
ber 174  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electronically  via 
"Advertisers  Online"  at  http://www.aarc.org/ 
buyersguide/ 

Monituring  System  with  Patient  Alarm. 

Protocol  Systems  Inc  recently  announced  it 
ha.s  added  to  its  Flexible  Monitoring  System 
the  Data  Critical  StatView  Patient  Alarm 
Notification  capability.  According  to  a  com- 
pany press  release,  StatView'",  manufactured 
by  Data  Critical  Corp  of  Redmond,  Wash- 
ington, provides  caregivers  wireless  wide- 
area  patient  alarm  notification  and  vital  signs 
from  Protocol's  Flexible  Monitoring"  net- 
work. Protocol  Systems  explains  that 
StatView  acquires  patient  alarm  and  vital 
signs  data  remotely  from  Protocol's  Acuity" 
central  monitoring  workstation  and  displays 


il  on  a  hand-held  device  carried  by  the  clin- 
ician. The  company  says  that  within  10  sec- 
onds of  a  patient  alarm,  StatView  will  dis- 
play the  six-second  electrocardiography 
waveform  representing  the  data  that  caused 
the  alarm  along  with  the  patient's  name  and 
kx;ation.  For  more  infomiation  from  Protocol 
Systems,  circle  number  175  on  the  reader  ser- 
vice card  in  this  issue,  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


New  Generic  Drug.  Roxane  Laboratories 
Inc  has  announced  the  introduction  of  the 
first  generic  of  Hydromorphone  HCI  8  mg 
tablets  CII  USP.  Roxane  says  the  new  prod- 
uct is  available  immediately  along  with  its 
previous  line  including  2  mg  and  4  mg  tablets 
in  bottles  of  l(X)  and  reverse  numbered  blis- 
ter packs  of  25  tablets  and  I  mg/mL  oral 
solution  in  120  mL,  250  mL  and  500  mL  bot- 
tles and  4  mL  x  40  Unit  Dose  Patient 
Cups"^',  and  8  mL  x  40  Unit  Dose  Patient 
Cups.  For  more  information  from  Roxane 
Laboratories,  circle  number  1 76  on  the  reader 
service  card  in  this  issue,  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
hltp://w  WW. aarc.org/buyers_guide/ 

Online  Medical  Dictionary.  FA  Davis 
Company  recently  introduced  Taber's 
Online,  an  online  service  available  at 
www.tabers.com.  A  company  press  release 
says  the  entire  contents  of  Taber's  Cyclo- 
pedic Medical  Dictionary,  1 8th  Edition,  will 
be  available  as  a  subscription  service  on  the 
World  Wide  Web.  The  company  says  the 
service  includes  the  55,000  full-length  def- 
initions from  Taber's  and  features  pro- 


nunciations (many  with  audio  files),  illus- 
trations, photographs,  tables,  etymologies, 
abbreviations,  and  synonyms.  Where  appli- 
cable, FA  Davis  literature  says,  the  defi- 
nitions also  include  the  cyclopedic  infor- 
mation that  sets  Taber's  apart  from  other 
health  science  dictionaries.  The  company 
says,  most  web  browsers  will  be  able  to 
access  Taber's  Online,  but  note  that  the  lat- 
est versions  of  Netscape  and  MS  Internet 
Explorer  are  recommended  for  optimum  per- 
formance. For  more  information  from  FA 
Davis  circle  number  177  on  the  reader  ser- 
vice card  in  this  issue,  or  send  your  request 
electronically  via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 


New    Medication    Delivery    System. 

Glaxo  Wellcome  announced  recently  that  the 
US  Food  and  Drug  Administration  cleared 
Serevenf  Diskus*  (salmeterol  xinafoate 
inhalation  powder)  for  use  in  children  with 
asthma  as  young  as  4  years  of  age.  The  com- 
pany says  the  product  is  available  for  the 
maintenance  treatment  of  asthma  in  children 
4  years  of  age  and  older  who  have  reversible 
obstructive  airway  disease,  including  noc- 
turnal symptoms.  GUixo  Wellcome  also  says 
the  product  has  been  approved  for  the  pre- 
vention of  exercise-induced  broncho.spasm 
in  both  children  and  adults.  For  more  infor- 
mation from  Glaxo  Wellcome,  circle  num- 
ber 178  on  the  reader  service  card  in  this 
issue,  or  send  your  request  electfonically  via 
"Advertisers  Online"  at  http://www.aarc.org/ 
buyers_guide/ 
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by  health  professionals  ot  adverse 

events  and  product  problems 


1'  k  ( )  I)  U  (    IS    R  I  I'  ( >  R  r  I 


A.  Patient  information 


I.  Patient  identifier 


In  confidence 


2    Age  at  time 
of  event: 


Date 

of  birth: 


3  Se: 
I     I  female 
I     I  male 


4   Weigfit 


kgs 


B.  Adverse  event  or  product  problem 


I.  I I  Adverse  event       and/or  ] |  Product  problem  (eg  .  delects/malfunctions) 


Outcomes  attributed  to  adverse  event  . — . 

(check  all  that  apply)  U  disability 

|— I  ^g^ii^  □  congenital  anomaly 

I — I  (mo/day/yci  Q  required  intervention  to  prevent 

I I  lite-threatening  permanent  impairment/damage 

I     I  hospitalization  -  initial  or  prolonged  LD  other: 


I  Date  of 
event 


4  Date  of 
this  report 


Describe  event  or  problem 


Relevant  tests/laboratory  data,  including  dates 


Other  relevant  tiistory,  including  preexisting  medical  conditions  (eg  ,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use.  hepalic/renal  dysfunction,  etc.) 


Mail  to:     MEdWa  ICH  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockville,  MD  20852-9787 


FDA  Us 

orm  Approved   0MB  No, 
See 
Only  (Hesp  Care) 

DMB  stalemenl 

onrt™'' 

Triage  unll 

C.  Suspect  medication(s) 


1     Name  (give  labeled  strength  &  mlr/labeier.  il  known) 


2    Dose,  frequency  &  route  used 


3    Therapy  dates  (if  unknown,  give  duration) 


4    Diagnosis  for  use  (indication) 


6    Lot  #  (if  known) 


7    Exp.  date  (if  known) 


9    NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  Dno    n&'' 


#2  Dyes  n no    D^ggfy"'' 


8    Event  reappeared  after 
reintroduction 

#1  Dyes  Dno   n&'' 


#2  Dyes  D no    D^ggpy"' 


10.  Concomitant  medical  products  and  therapy  dales  (exclude  treatment  of  event) 


D.  Suspect  medical  device 


1    Brand  name 


2    Type  of  device 


3    Manufacturer  name  &  address 


model  #  _ 
catalog  # 

serial  # 

lot#  


4    Operator  of  device 

I     I  health  professional 
I     I  lay  user/patient 
□  other: 


7    If  implanted,  give  date 

imo/day/yr) 


9    Device  available  for  evaluation?                (Do  not  send  to  FDA) 
I     I    yes  lJ  no  CH  fe'urned  to  manufacturer  on 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.    Reporter  (see  confidentiality  section  on  back) 


1      Name  &  address 


2    Health  professional? 

□   yes       □    no 


3      Occupation 


5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      (^ 


4    Also  reported  to 

I     I      manufacturer 
I     I      user  facility 
I     I      distnbutor 


IjV  Form  3500  1/96) 


Submission  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  e*    .it. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  ottier  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  deathi 

•  life-tfireatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  ttie  product  caused  tfie 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    to  report  by  phone  or  for 

more  information 
•1-800-822-7967     for  a  VAERS  form 
for  vaccines 

if  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.  Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patients  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  tor  this  collection  of  inton 


:es.  gathering  and  maintaining  the  data  needed, 
ig  and  reviewing  the  collection  ol  information, 
its  regarding  this  burden  estimate  or  any  other 
collection  of  information,  including  suggestions 
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Manufacturer  or  supplier 
1   Other,  specify 


!)ate  of  Birth  (optional) 


Sex  (optional) 


'riave  you  ever  been  a  member  of  the  AARC? 


If  so,  when?  From 


4f 


For  office  use  only 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  US  Of  its  lerrilories  or  was  an  Active  Member 
prior  lo  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  following  criteria  It  |  is 
legally  credentialed  as  a  respiratory  care  professional  if  employed  in  a  slate  that  mandates 
such,  OR  |2)  is  a  graduote  of  an  accredited  educational  program  in  respiratory  care,  OR  131 
holds  a  credential  issued  by  the  NBRC  An  individual  who  is  an  AARC  Active  Member  m  good 
standing  on  December  8,  I  994,  will  continue  as  such  provided  his/her  membership  remains  in 
good  standing 


Place  of  Employment 

Address 

City 


.Zip 


State  

Phone  No. 


Medical  Director/Medical  Sponsor 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  core  but  do  not  meet  the  requirements  of 
Active  Member  shall  be  Associate  Members  They  have  all  the  rights  and  benefits  of  the  Asso- 
ciation except  lo  hold  office,  vote,  or  serve  as  chair  of  a  standing  committee  The  following  sub- 
classes of  Associate  Membership  are  available  Foreign,  Physician,  and  Industrial  (mdividuols 
whose  primary  occupation  is  directly  or  indirectly  devoted  to  the  manufacture,  sale,  or  distribu- 
tion of  respirotory  care  eauipment  or  supplies).  Special  Members  ore  those  not  working  m  a 
respiratory  core-related  field 


Place  of  Employment  _ 
Address 


City. 


-Zip 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for  Associote 
Membership  and  are  enrolled  m  on  educational  program  in  respiratory  care  accredited  by,  or 
in  the  process  of  seeking  accreditation  from,  an  AARC-recognized  ogency. 


SPECIAL  NOTICE  —  Student  Members  do  not  r 
(CRCE)  transcripts  Upon  completion  of  your  re 
credits  may  be  pursued  upon  your  reclassificati( 

School/RC  Program 

Address 

City 


ceive  Continuing  Respiratory  Core  Education 
liratory  core  education,  continuing  education 
1  to  Active  or  Associate  Member. 


.Zip 


Phone  No.  ( ) 

Length  of  program 

1  year                     ,      4  years 
iJ   2  years  i      Other,  specify 

Expected  Date  of  Graduation  (REQUIRED 
INFORMATION) 


Month 


Year 


Preferred  mailing  address:    Zl   Home    .      Business 
American  Association  for  Respiratory  Care  •  1 1030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  48'    /20 


American  Association  for  Respiratory  Care 


Demographic  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  programs  to  meet  your  needs. 


Cfiecfr  fhe  Highest  Degree  Earned 

Lj   High  School 

D  RC  Graduate  Technician 

n  Associate  Degree 

n  Bachelor's  Degree 

D  Master's  Degree 

D  Doctorate  Degree 


Number  of  Years  in  Kespiratory  Care 

D  0-2  years  D    1  1-15  Years 

D  3-5  years  D    1  6  years  or  more 

D  6-10  years 


Job  Sfatus 

C   Full  Time 

D   Part  Time 

Credentials 

n  RRT 

D  LVN/LPN 

D  CRH 

D  CPFT 

D   Physician 

D  RPFT 

n  CRNA 

D  Perinatai/Pediotric 

D  RN 

Salary 

U   Less  than  $10,000 

D  $10,001420,000 

D  $20,001430,000 

n  $30,001440,000 

D   $40,000  or  more 

PLEASE  SIGN 

I  hereby  apply  for  membership  in  the  Americ( 
and  hove  enclosed  my  dues.  If  approved  for  m 
by  its  bylows  and  professional  code  of  ethics, 
ments  contained  herein  and  understand  thot 
facts  called  for  is  couse  for  reiection  or  expulsi 


Association  for  Respirotory  Care 
nbership  in  the  AARC,  I  will  abide 
authorize  investigation  of  all  state- 
lisrepresentations  or  omissions  of 


A  yearly  subscription  to  RESPIRATORY  CARE  iournol  and  AARC  Times  mogozine 
includes  an  ollocalion  of  $1  1  50  from  my  dues  for  each  of  these  publications 

NOTE  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  charitable  con- 
tributions for  income  tax  purposes  However,  they  may  be  tax  deductible  as  ordi- 
nary and  necessary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  activities  The  AARC  estimates  thot  the  nondeductible  portion 
of  your  dues  —  the  portion  which  is  allocable  to  lobbying   —  is  26%. 

Signature 

Dofe 


Membership  Fees 

Payment   must  accompany  your  application   to   the 

AARC.   Fees  ore  for    12 

months.  (NOTE:  Renewal  fees  ore  $75.00  Active,  Associate-Industrial  or  Associ- 

ate-Physician,   or   Special   status;    $90.00   for  Associate-Foreign   status;   and 

$45.00  for  Student  status). 

D  Active 

$  87.50 

□  Associate  (Industrial  or  Physician) 

$  87.50 

D  Associate  (Foreign) 

$102.50 

□  Special 

$  87.50 

D  Student 

$  45.00 

TOTAL 
Specialty  Sections 

$ 

Established  to  recognize  the  specialty  areas  of  respiratory  care,  these  sections 

publish  a  bi-monthly  newsletter  that  focuses  on  issues 

of  specific  concern  to  that 

specialty.  The  sections  also  design  the  specialty  programming  at  the  notional 

AARC  meetings. 

n  Adult  Acute  Care  Section 

$15.00 

D   Education  Section 

$20.00 

D   Perinotal-Pediatric  Section 

$15.00 

n  Diagnostics  Section 

$15.00 

n  Continuing  Core- 

Rehabilitation  Section 

$15.00 

D  Management  Section 

$20.00 

D  Transport  Section 

$15.00 

D   Home  Care  Section 

$15.00 

D  Subacute  Core  Section 

$15.00 

TOTAL 
GRAND  TOTAL  =  Membership  Fee 

$ 

plus  optional  sections 

$ 

D  Total  Amount  Enclosed/Charged       $ 

D   Please  charge  my  dues  (see  below) 

A 

To  charge  your  dues,  complete  the  following:             A 

kAj^ 

U  MasterCard                                           i3 

^tnl^ 

D  Visa                                                  -^^ 

T%^ 

Cord  Number 

.MJm. 

Card  Expires                  / 

Signature 

Mail  application  and  appropriate  fees  to: 
AmeHcan  Association  ^f^^^^t^^'^  •  11 030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fox  [972]  484-2720 


1999  Respiratory  Care  Open  Forum 


The  American  Association  for  Respiratory  Care  and  its 
science  journal.  RESPIRATORY  Care,  invite  submission  of 
brief  abstracts  related  to  any  aspect  of  cardiorespiratory  care. 
The  abstracts  will  be  reviewed,  and  selected  authors  will  be 
invited  to  present  posters  at  the  OPEN  FORUM  during  the 
AARC  International  Respiratory  Congress  in  Las  Vegas, 
Nevada,  December  13-16,  1999.  Accepted  abstracts  will  be 
published  in  the  November  1999  issue  of  RESPIRATORY  Care. 
Membership  in  the  AARC  is  not  required  for  participation. 
All  accepted  abstracts  are  automatically  considered  for  ARCF 
research  grants. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  (1)  an  original  study,  (2)  the  eval- 
uation of  a  method,  device  or  protocol,  or  (3)  a  case  or 
case  series.  Topics  may  be  aspects  of  adult  acute  care,  con- 
tinuing care/rehabilitation,  perinatology/pediatrics,  cardio- 
pulmonary technology,  or  health  caie  delivery.  The  abstract 
may  have  been  presented  previously  at  a  local  or  regional — 
but  not  national — meeting  and  should  not  have  been  published 
previously  in  a  national  journal.  The  abstract  is  the  only  evi- 
dence by  which  the  reviewers  can  decide  whether  the  author 
should  be  invited  to  present  a  poster  at  the  OPEN  FORUM. 
Therefore,  the  abstract  must  provide  all  important  data.fmd- 
ings.  and  conclusions.  Give  specific  information.  Do  not  write 
general  statements,  such  as  "Results  will  be  presented"  or 
"Significance  will  be  discussed." 

ESSENTIAL  CONTENT  ELEMENTS 

Original  study.  Abstract  must  include  ( 1 )  Background: 
statement  of  research  problem,  question,  or  hypothesis;  (2) 
Method:  description  of  research  design  and  conduct  in  suf- 
ficient detail  to  pemiit  judgment  of  validity:  (3)  Results:  state- 
ment of  research  findings  with  quantitative  data  and  statis- 
tical analysis;  (4)  Conclusions:  interpretation  of  the  meaning 
of  the  results. 

Method,  device,  or  protocol  evaluation.  Abstract  must 
include  ( 1 )  Background:  identification  of  the  method,  device, 
or  protocol  and  its  intended  function;  (2)  Method:  descrip- 
tion of  the  evaluation  in  sufficient  detail  to  permit  judgment 
of  its  objectivity  and  validity;  (3)  Results:  findings  of  the  eval- 
uation; (4)  Experience:  summary  of  the  author's  practical  expe- 
rience or  a  lack  of  experience;  (5)  Conclusions:  inteipreta- 
tion  of  the  evaluation  and  experience.  Cost  comparisons  should 
be  included  where  possible  and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncom- 
mon or  of  exceptional  educational  value  and  must  include  ( 1 ) 
Introduction:  relevant  basic  information  important  to  under- 
standing the  case.  (2)  Ca,se  Summary:  patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  content  should  reflect 
results  of  literature  review.  The  author(s)  should  have  been 
actively  involved  in  the  case  and  a  case-managing  physician 
must  be  a  co-author  or  must  approve  the  report. 


FORMAT  AND  TYPING  INSTRUCTIONS 

Accepted  abstracts  will  be  photographed  and  reduced  by 
40% :  therefore,  the  size  of  the  original  text  should  be  at  least 
10  points.  Abstracts  should  he  400  words  or  less  and  may 
have  1  clear,  concise  table  or  figure.  A  font  like  Helvetica 
or  Geneva  makes  the  clearest  reproduction.  The  first  line  of 
the  abstract  should  be  the  title  in  all  capital  letters.  Title  should 
explain  content.  Follow  title  with  names  of  all  authors  (includ- 
ing credentials),  institution(s).  and  location;  underline  pre- 
senter's name.  Type  or  electronically  print  the  abstract  sin- 
gle spaced  in  a  single  paragraph  in  the  space  provided  on 
the  abstract  blank.  Insert  only  one  letter  space  between  sen- 
tences. Text  submission  on  diskette  is  encouraged  but  must 
be  accompanied  by  a  hard  copy.  Data  may  be  submitted  in 
table  form,  or  a  simple  figure  may  he  included  provided  it 
fits  within  the  space  allotted.  No  figure,  illustration,  or  table 
is  to  be  attached  to  the  abstract  fonn.  Provide  all  author  infor- 
mation requested.  A  clear  photocopy  of  the  abstract  form  may 
be  used.  Standard  abbreviations  may  be  employed  without 
explanation;  new  or  infrequently  used  abbreviations  should 
be  spelled  out  on  first  use.  Any  recurring  phrase  or  expres- 
sion may  be  abbreviated,  if  it  is  first  explained.  Check  the 
abstract  for  ( 1 )  errors  in  spelling,  grammar,  facts,  and  fig- 
ures; (2)  clarity  of  language;  and  (3)  conformance  to  these 
specifications.  An  abstract  not  prepared  as  requested  may 
not  be  reviewed.  Questions  about  abstract  preparation  may 
be  telephoned  to  the  editorial  staff  of  RESPIRATORY  CARE 
at  (972)  406-4667. 

Early  Deadline  Allowing  Revision.  Authors  may  choose 
to  submit  abstracts  early.  Abstracts  postmarked  by  April  2, 
1999  will  be  reviewed  and  the  authors  notified  by  letter  only 
to  be  mailed  by  May  7,  1999.  Rejected  abstracts  will  be  accom- 
panied by  a  written  critique  that  should,  in  many  cases,  enable 
authors  to  revise  their  abstracts  and  resubmit  them  by  the  Final 
Deadline  (June  11,  1999). 

Final  Deadline.  The  mandatory  Final  Deadline  is  June  1 1 , 
1999  (postmark).  Authors  will  be  notified  of  acceptance  or  rejec- 
tion b\  letter  onh.  These  letters  will  be  mailed  by  August  25, 
1999." 

Mailing  Instructions.  Mail  (do  not  fax!)  2  clear  copies 

of  the  completed  abstract  form,  diskette  (if  possible),  and  a 

stamped,  self-addressed  postcard  (for  notice  of  receipt)  to: 

1999  Respiratory  Care  Open  Forum 

11030  Abies  Lane 

Dallas  TX  75229-4593 


submit  your  Open  forum  abstract  electronically 

.    visit  www.rcjournal.com   , 


1999  Respiratory  Care  Open  Forum  Abstract  Form 


13,9  cm  or  5.5" 


1 .  Title  must  be  in  all 
upper  case  (capital) 
letters,  authors"  full 
names  and  text  in  upper 
and  lower  case. 

2.  Follow  title  with  all 
authors"  names,  includ- 
ing credentials  (under- 
line presenter" s  name), 
institution,  and 
location. 

3.  Do  not  justify 

(ie.  leave  a  "ragged" 
right  margin). 

4.  Do  not  use  type  size 
less  than  10  points. 

( Do  not  exceed  400 
words. ) 

5.  All  text  and  the  table, 
or  figure,  must  fit  into 
the  rectangle  shown. 
(Use  onl\  I  clear,  con- 
cise table  or  figure.) 

6.  Submit  2  clean  copies. 
This  form  may  be  pho- 
tocopied if  multiple 
abstracts  are  to  be 
submitted. 


Mail  original  &  1 
photocopy  (along  with 
postage-paid  postcard)  to 

1999  Re.spiratorv 

CARK  OPKN  FORIM 

11030  Abies  Lane 
Dallas  TX  75229-4593 


Early  Dctiilliiw  is 
April  2.  IW9 
(puslimirk) 

Filial  Deadline  is 

June  II.  1999  (postmark) 


Electronic 

Submission  is  Now 

Available.  Visit 

www.rcjournal.com 

to  find  out  more 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


T    Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 
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Manuscript  Preparation  Guide 


General  Information 

Respiratory  Care  welcomes  original  manuscripts  related  to  the 
science  and  technology  of  respiratory  care  and  prepared  accord- 
ing to  these  Instructions  and  the  Uniform  Requirements  for 
Manuscripts  Submitted  to  Biomedical  Journals  [Respir  Care  1 997; 
42(6);623-634].  Manuscripts  are  blinded  and  reviewed  by  pro- 
fessionals who  are  experts  in  their  fields.  Authors  are  responsible 
for  all  aspects  of  the  manuscript  and  receive  galleys  to  proofread 
before  publication.  Each  accepted  manuscript  is  copyedited  so  that 
its  message  is  clear  and  it  conforms  to  the  JoumaFs  style.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published 
elsewhere  without  permission. 

Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication  cat- 
egories. To  receive  these  Instructions  and  related  materials,  write 
to  RESPIRATOR'*'  Care.  600  Ninth  Avenue.  Suite  702.  Seattle  WA 
98104.  call  (206)  223-0558.  or  fax  (206)  223-0563. 

Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page.  Abstract.  Introduction.  Methods.  Results. 
Discussion.  Conclusions.  Product  Sources.  Acknowledgments,  Ref- 
erences. Tables.  Appendices.  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and  eval- 
uation of  an  old  or  new  device,  method,  technique,  or  modification. 
It  has  a  Title  Page.  Abstract.  Introduction.  Description  of  De- 
\  ice/Method/Technique.  Evaluation  Methods.  Evaluation  Results. 
Discussion.  Conclusions.  Product  Sources.  Acknowledgments.  Ref- 
erences. Tables.  Appendices,  Figures,  and  Figure  Captions.  Com- 
parative cost  data  should  be  included  wherever  possible. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or  was 
managed  in  a  new  way.  or  is  exceptionally  instructive.  All  authors 
must  be  associated  with  the  case.  A  case-managing  physician  must 
either  be  an  author  or  furnish  a  letter  approving  the  manuscript.  Its 
components  are  Title  Page,  Abstract.  Introduction.  Case  Summa- 
ry. Discussion,  References,  Tables,  Figures,  and  Figure  Captions. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature 
and  state-of-the-art  summary  of  a  pertinent  topic  that  has  been  the 
subject  of  at  least  40  published  research  articles.  Title  Page.  Out- 
line. Introduction.  Review  of  the  Literature.  Summary.  Acknowl- 
edgments. References.  Tables.  Appendices,  and  Figures  and  Cap- 
tions may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 


Point-of- View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Title  Page.  Text.  References.  Tables, 
and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  foregoing 
categories  may  be  acceptable  as  a  Special  Article.  Consult  with  the 
Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it  may 
present  an  opposing  opinion,  clarify  a  position,  or  bring  a  problem 
into  focus. 

Letter:  A  signed  communication,  marked  "For  publication." 
about  prior  publications  in  this  Journal  or  about  other  pertinent  top- 
ics. Tables  and  illustrations  may  be  included. 

Blood  Gas  Corner:  A  brief  instructive  case  report  involving  blood 
gas  values — with  Questions.  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of  drugs 
that  includes  discussions  of  pharmacology,  pharmacokinetics, 
and  pharmacotherapy. 

Graphics  Corner:  A  briefcase  report  incorporating  waveforms  for 
monitoring  or  diagnosis — with  Questions.  Answers,  and  Discussion. 

Kittredge's  Comer:  A  brief  description  of  the  operation  of  respiratory 
care  equipment — with  information  from  manufacturers  and  edito- 
rial comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Corner,  but  invoh  ing  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating  the 
interaction  between  the  cardiovascular  and  respiratory  systems.  It 
should  be  a  patient-care  scenario;  however,  the  case — the  central 
theme — is  the  systems  interaction.  CRI  is  characterized  by  figures, 
equations,  and  a  glossary.  See  the  March  1996  Issue  of  RESPIR.-^- 
TORY  Care  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs; may  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 

Preparing  the  Manuscript 

Printononesideof  white  bond  paper,  8.5  in.  X  II  in.  (216x279  mm) 
with  margins  of  at  least  1  in.  (25  mm)  on  all  sides  of  the  page.  Use 
double-spacing  throughout  the  entire  manuscript.  Use  a  standard 
font  (eg.  Times,  Helvetica,  or  Courier)  at  least  10  points  in  size,  and 
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Manuscript  Preparation  Guide 


do  not  use  italics  except  for  special  emphasis.  Number  all  pages  in 
upper-right  corners.  Indent  paragraphs  5  spaces.  Do  not  justify.  Do 
not  put  authors'  names,  institutional  affiliations  or  allusions  to 
institutional  affiliations  in  the  text,  or  other  identiflcation  any- 
where except  on  the  title  page.  Repeat  title  only  (no  authors)  on 
the  abstract  page.  Begin  each  of  the  following  on  a  new  page:  Title 
Page.  Abstract.  Text.  Product  .Sources  List,  Acknowledgments,  Ref- 
erences, each  Table,  and  each  Appendix.  Use  standard  English  in 
the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods.  Results.  Discus- 
sion). Begin  subheadings  at  the  left  margin  and  type  them  in  cap- 
ital and  small  letters  (eg.  Patients.  Equipment,  Statistical  Analysis). 

References.  Cite  only  published  works  as  references.  Manuscripts 
accepted  but  not  yet  published  may  be  cited  as  references:  desig- 
nate the  accepting  journal,  followed  by  (in  press),  and  provide  3  copies 
of  the  in-press  article  for  reviewer  inspection.  Cite  references  in  the 
text  with  superscript  numerals.  Assign  numbers  in  the  order  that  ref- 
erences are  first  cited.  On  the  reference  page,  list  the  cited  works 
in  numerical  order.  Follow  the  Journal's  style  for  references.  Abbre- 
viate journal  names  as  in  Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992:37(1 1):  1 233- 1 240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  I; 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC  Times 

1991: 1 5(Mar):61, 62,64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  establish- 
ing units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  I988;33(l  I):I044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  information 
to  promote  retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest  1986; 
89(3Suppl):l39S-l43S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those  more 

than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce  envi- 
ronmental exposure  (abstract).  Respir  Care  I99();3-S(ll):  1087-1088. 

Editorial  in  journal: 

Enright  P.  Can  we  relax  during  spirometry'.'  (editorial).  Am  Rev  Respir 
Dis  I993:I48(2);274. 

Editorial  with  no  author  given: 

Negative-pressure  ventilation  for  chronic  obstructive  pulmonary  dis- 
ease (editorial).  Lancet  I992;34()(8833):I44()-I44I . 

Letter  in  journal: 

Aelony  Y.  f'lhnic  norms  lor  pulmonary  lunclion  lcsts( Idler).  Chesl 
1 99 1:99(4 1: 1 05  I. 


Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be  cited 
whenever  possible.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary  dis- 
ease. New  York:  Futura;  1990.  p.  76-85. 

Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA  drug  eval- 
uations, 3rd  ed.  Littleton  CO:  Publishing  Sciences  Group;  1 977. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  Guenter  CA,  Welch  MH.  edi- 
tors. Pulmonary  medicine.  Philadelphia:  JB  Lippincott;  1977:26-42. 

Tables.  Use  consecutively  numbered  tables  to  display  information. 
Start  each  table  on  a  separate  page.  Number  and  title  the  table  and 
give  each  column  a  brief  heading.  Place  explanations  in  footnotes, 
including  all  nonstandard  abbreviations  and  symbols.  Key  the  foot- 
notes with  conventional  designations ( *.  1. 1.  §.  11.1.  **,  t+)  incon- 
sistent order,  placing  them  superscript  in  the  table  body.  Do  not  use 
horizontal  or  vertical  rules  or  borders.  Do  not  submit  tables  as  pho- 
tographs, reduced  in  size,  or  on  oversize  paper.  Use  the  same  type- 
face as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radiographs 
are  figures.  Use  only  illustrations  that  clarify  and  augment  the  text. 
Number  them  consecutively  as  Fig.  1 .  Fig.  2,  and  so  forth  accord- 
ing to  the  order  by  which  they  are  mentioned  in  the  text.  Be  sure 
all  figures  are  cited.  If  any  figure  was  previously  published,  include 
copyright  holder's  written  permission  to  reproduce.  Figures  for 
publication  must  be  of  professional  quality.  Data  for  the  original 
graphs  should  be  available  to  the  Eiditor  upon  request.  If  color  is  essen- 
tial, consult  the  Editor  for  more  information.  In  reports  of  animal 
experiments,  use  schematic  drawings,  not  photographs.  A  letter  of 
consent  must  accompany  any  photograph  of  a  person.  Do  not  place 
titles  and  detailed  explanations  on  figures:  put  this  information  in 
figure  captions.  If  possible,  submit  radiographs  as  prints  and  full- 
size  copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving  gener- 
ic names,  doses,  and  routes  of  administration.  If  desired,  brand  names 
may  be  given  in  parentheses  after  generic  names.  Drugs  should  be 
listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any  com- 
mercial product  (including  inodel  number  if  applicable)  the  first  time 
it  is  mentioned,  giving  the  manufacturer's  name.  city,  and  state  or 
country.  If  four  or  more  products  are  mentioned,  do  not  list  any  man- 
ufacturers in  the  text:  instead,  list  thein  on  a  Product  Sources  page 
at  the  end  of  the  text,  before  the  References.  Provide  model  num- 
bers when  available  and  manufacturer's  suggested  price,  if  the  study 
has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  w  ith  the  ethical  stan- 
dards of  the  World  Medical  AssocicitiDii  Dcclanition  of  Helsinki 
jRespirCare  I997:42(6):63.5-ft36|  or  of  the  institution's  committee 
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on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p  values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests.  Iden- 
tify any  general-use  or  commercial  computer  programs  used,  nam- 
ing manufacturers  and  their  locations.  These  should  be  listed  on  the 
product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated;  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  (Systeme  Internationale) 
units.  Show  gas  pressures  (including  blood  gas  tensions)  in  torr. 
List  SI  equivalent  values,  when  possible,  in  brackets  following  non- 
Sl  values— for  exainple,  "PEEP.  10  cm  H:0  |0.98 1  kPa]."  For  con- 
version to  SI,  see  RESPIRATORY  CARE  1988;33(  10):861-873  (Oct 
1988),  1989;34(2):145  (Feb  1989).  and  1997;42(6):639-640(June 
1997). 

Conflict  of  Interest.  Authors  are  asked  to  disclose  any  liaison  or  finan- 
cial arrangement  they  have  with  a  manufacturer  or  distributor  whose 
product  is  part  of  the  submitted  manuscript  or  with  the  manufacturer 
or  distributor  of  a  competing  product.  (Such  arrangements  do  not 
disqualify  a  paper  from  consideration  and  are  not  disclosed  to  review- 
ers.) A  statement  to  this  effect  is  included  on  the  cover-letter  page. 
(Reviewers  are  screened  for  possible  conflict  of  interest.) 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols. Avoid  creating  new  abbreviations.  Avoid  all  abbreviations 
in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an  abbre- 
viation only  if  the  term  occurs  several  times  in  the  paper.  Write  out 
the  full  term  the  first  time  it  appears,  followed  by  the  abbreviation 
in  parentheses.  Thereafter,  employ  the  abbreviation  alone.  Never 
use  an  abbreviation  without  defining  it.  Standard  units  of  mea- 
surement can  be  abbreviated  without  explanation  (eg.  10  L/min. 
15  torr,  2.3  kPa). 

Please  use  the  following  forms;  cm  HiO  (not  cmFL20),  f  (not  bpm), 
L  (not  I),  L7min  (not  LPM.  l/min.  or  1pm).  niL  (not  ml),  mm  Hg  (not 
mmHg).  pH  (not  Ph  or  PH).  p  >  0.001  (not  p>0.001),  s  (not  sec). 
SpO;  (pulse-oximetry  saturation).  See  RESPIRATORY  CARE: 
Standard  Abbreviations  and  Symbols  [RespirCare  1997;42(6);637- 
642). 

Submitting  the  Manuscript 

Mail  three  copies  [1  copy  with  author(s)  name(s),  affiliation(s),  2 
copies  without  name(s)  and  affiliation(s)  for  reviewers]  of  the  manu- 
script, figures,  and  I  diskette,  and  the  Cover  Letter  &  Checklist  to 
RESPIRATORY  CARE,  600  Ninth  Avenue,  Suite  702,  Seattle  WA 
98 1 04.  Do  not  fax  manuscripts.  Protect  figures  with  cardboard.  Keep 
a  copy  of  the  manuscript  and  figures.  Receipt  of  your  inanuscript 


will  be  acknowledged. 

Computer  Diskettes.  Authors  are  encouraged  to  submit  electron- 
ic versions  of  manuscripts  as  well  as  printed  copies  (3.5  in.  diskettes 
in  Macintosh  or  IBM-DOS  format).  Label  each  diskette  with  date; 
author's  name;  name  and  version  of  word-processing  program  used; 
and  filename(s).  Software  used  to  produce  graphics  and  tables  should 
be  similarly  identified.  Do  not  write  on  diskette  labels  except  with 
felt-tipped  pen.  If  revision  of  a  manuscript  is  required  as  a  condi- 
tion of  acceptance  for  publication,  we  ask  that  an  electronic  version 
of  revision  be  supplied  to  facilitate  copyediting  and  production. 

Prior  and  Duplicate  Publication.  Work  that  has  been  published 
or  accepted  elsewhere  should  not  be  submitted.  In  special  instances, 
the  Editor  may  consider  such  material,  provided  that  permission  to 
publish  is  given  by  the  author  and  original  publisher.  Please  con- 
sult the  Editor  before  submitting  such  work. 

Authorship.  All  persons  listed  as  authors  should  have  participat- 
ed in  the  reported  work  and  in  the  shaping  of  the  manuscript;  all  must 
have  proofread  the  submitted  manuscript;  and  all  should  be  able  to 
publicly  discuss  and  defend  the  paper's  content.  A  paper  with  cor- 
porate authorship  must  specify  the  key  persons  responsible  for  the 
article.  Authorship  is  not  justified  solely  on  the  basis  of  solicitation 
of  funding,  collection  or  analysis  of  data,  provision  of  advice,  or  sim- 
ilar services.  Persons  who  provide  such  ancillary  services  exclusively 
may  be  recognized  in  an  Acknowledgments  section. 

Permissions.  The  manuscript  must  be  accompanied  by  copies  of 
pemiissions  to  reproduce  previously  published  material  (figures  or 
tables);  to  use  illustrations  of,  or  report  sensitive  personal  information 
about,  identifiable  persons;  and  to  name  persons  in  the  Acknowl- 
edgments section. 

Reviewers.  Please  supply  the  names,  credentials,  affiliations,  address- 
es, and  phone/fax  numbers  of  three  professionals  whom  you  con- 
sider expert  on  the  topic  of  your  paper.  Your  manuscript  may  be  sent 
to  one  or  more  of  them  for  blind  peer  review. 
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600  Ninth  Avenue.  Suite  702 

Seattle  W A  98 104 

(206)  223-0558  (voice) 

(206)  223-0563  (fax) 
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AARC  &  AFFILIATES 

January  29-30, 1999 — San  Antonio.  Texas 
The  AARC  and  the  University  of 
Texas  Health  Science  Center  of  San 
Antonio  are  presenting  a  post-graduate 
short  course  on  Disease  Management: 
Astham  and  COPD.  The  program  will 
allow  the  practitioner  to  gain  the  skills 
and  information  necessary  to  design 
and  implement  programs  in  the 
disease  management  of  asthma  and/or 
COPD.  Fourteen  hours  of  CRCE 
credit  will  be  offered.  The  two-day 
Seminar  will  be  held  at  the  Hilton  San 
Antonio  Airport. 
Contact:  (972)243-2272 

February  10-12, 1999 — Clackanuis,  Oregon 
The  OSRC  presents  its  annual  Pacific 
Northwest  Respiratory  Care  Conference 
at  the  Monarch  Hotel  and  Conference 
Center.  Topics  include  respiratory 
mechanics,  optimal  humidification. 
sinoking  cessation,  airway  obstruction 
in  children,  ethical  dilemmas,  and 
COPD  drug  therapy. 
Contact:  Irene  Iwata-Morgan,  RRT 
at  (503)  494-6158 

April  7-9,  \999— Gulf  Shores.  Alabama 
The  Alabama  Society  for  Respiratory 
Care  will  be  hosting  their  state  educational 
meeting  at  the  Gulf  State  Park  Resort 
Hotel  and  Convention  Center. 
Contact:  David  Howard 
(205)  761-4573  or  e-mail 
William.Howard@bhsala.com. 

April   13-14,   \999— King  of  Prussia. 

Pennsylvania 
The  PSRC  will  host  their  2nd  Annual 
Eastern  Regional  Conference  & 
Exhibition  at  the  Holiday  Inn.  Guest 
speakers  include  Sam  Giordano,  MBA, 
RRT,  and  Richard  Branson,  BA,  RRT. 
Contact:  Angie  Herstine  (609)  784-0340 

April  23-25, 1999 — Kingsport.  Te)inessee 
The  TSRC  presents  its  annual 
convention  and  exhibition.  The  New 
Millennium:  Somewhere  Over  the 
Rainbow,  at  the  Meadowview  Resort 
and  Convention  Center.  Topics  will 
include  clinical,  management, 
patient  assessment,  and  student 


issues.  13  contact  hours  are  available. 
Contact:  Colleen  Schabacker 
(615)384-1731 

Other  Meetings 

January  21-23 — Washington.  DC 
The  AARC  is  cosponsoring  Health 
Action  "99:  Putting  the  Pieces 
Together.  This  national  grassroots 
conference  of  health  advocates  will 
be  held  at  the  Renaissance  Mayflower 
Hotel.  Topics  include  Medicare, 
children's  health  insurance,  managed 
care  reforms,  and  universal  coverage. 
Contact:  Families  USA  at 
(202)  628-3030,  info® 
familiesusa.org,  or 
www.familiesusa.org 

February  7-10,  1999— Whistler. 

British  Columbia.  Canada 
The  American  College  of  Chest 
Physicians  is  sponsoring  a 
Cardiopulmonary  Wellness  and 
Rehabilitation  meeting  at  the 
Chateau  Whistler  Resort. 
Contact:  ACCP  Member  Services  at 
(800)  343-2227  or  (847)  498-1400. 

February  13-20,  1999— Sr.  Moriiz. 

Switzerland 
The  Seventh  Winter  Symposium  on 
Intensive  Care  Medicine  will  be  held 
in  St.  Moritz  and  is  jointly  sponsored 
by  the  European  Society  of  Intensive 
Care  Medicine  and  the  Society  of 
Critical  Care  Medicine  (USA). 
Contact:  Ana  Maria  de  Campos  at 
32.2  555  3215  or  e-mail 
sympicu@resulb.ulb.ac.be. 

February  21-25 — Keystone.  Colorado 
The  Children's  National  Medical 
Center  presents  their  15th  Annual 
CNMC  Symposium  on  ECMO  and 
Advanced  Therapies  for  Respiratory 
Failure  at  the  Keystone  Resort. 
Topics  include  nitric  oxide,  neonatal 
pulmonary  support,  and  liquid 
ventilation.  CME,  CEU,  CRCE  and 
perfusion  recertification  credit 
available. 
Contact:  ECMO  at  (202)  884-5018 

March  14-17 — Orlando,  Florida 
Noninvasive  Ventialtion,  the  seventh 
international  conference  of  the 


Ainerican  College  of  Chest 
Physicians,  Independent  Ventilator 
Users  Network,  and  the  AARC,  is 
scheduled  for  the  Caribe  Royale 
Resort  Suites.  Topics  include 
noninvasive  ventilatory  assistance  in 
the  home,  ICU,  ER,  and  long-term 
care  sites;  nutritional  issues  for 
ventilated  patients;  diagnosis  and 
diagnostic  methods;  ethical  issues; 
and  telemonitoring  in  the  home. 
Continuing  education  credits 
available. 
Contact:  (800)343-2227 

March  16-19,  1999— Brussels. 

Belgium 
The  19th  International  Symposium 
on  Intensive  Care  and  Emergency 
Medicine  will  be  head  at  the 
Congress  Center  in  Brussels. 
Contact:  Ana  Maria  de  Campos  at 
32.2  555  3215  ore-mail 
sympicu@resulb.ulb.ac.be. 

April  20-23 — Clearwater  Beach. 

Florida 
All  Children's  Hospital  of  St. 
Petersburg.  FL,  will  host  their  1999 
Neonatal/Pediatric  Transport 
Conference  at  the  Hilton  Clearwater 
Beach  Resort.  The  conference,  titled 
Redefining  State  of  the  Art, 
includes  a  pre-conference  lab  and 
offers  23  CEUs. 
Contact:  Connie  Spadaccino  at 
(727)  892-4240  or  (800)  456-4543, 
ext.  4240. 

June  12-16,  1999 — International 
Society  for  Aerosols  in  Medicine 
12th  International  Congress  at  the 
Austria  Center  in  Vienna,  Austria. 
Topics  include  aerosol  drug 
delivery,  aerosol  deposition  and 
clearance,  cellular  and  molecular 
interactions,  environmental 
aerosols,  standardization,  aerosol 
diagnostics,  and  aerosol  therapy. 
Contact:  Vienna  Academy  of 
Postgraduate  Medical  Education 
and  Research.  Alser  Strasse  4, 
A-1090  Vienna,  Austria.  Phone 
(-1-43/1)405  13  83-22, 
fax  (-1-43/1)  405  13  83-23, 
e-mail  niedacad@via.at. 
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Helpful  LUeb.Sites 

American  Association  for  Respiratory  Care 

http://www.aarc.org 

—  Current  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

Respiratory  Care  online 

http://www.rcjournal.com 

—  1  997  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

Asthma  Management 
Model  System 

http://www.nhlbi.nih.gov 


The  National  Board  for  Respiratory  Care — 1999  Examination  Dates  and  Fees 


Examination 

CRT  Examination 

RRT  Examinalion 
CPFT  Examination 


Examination  Date 

March  13,  1999 

Application  Deadline:  January  I,  1999 

June  5,  1999 

Application  Deadline:  February  1,  1999 

June  5.  1999 

Application  Deadline.  April  1,  1999 


Examination  Fee 

5120  {new  applicant) 

80  (reapplicantl 

120  written  only  (new  applicant) 

80  written  only  (reapplicant) 

130  (new  applicant) 

150  (reapplicant) 


For  int'ormation  about  other  services  or  lees,  write  to  the  National  Board  lor  Respiratory  Care, 
8310  Nieman  Road,  Lenexa  KS  66214.  or  call  (913)  599-4200.  FAX  (913)  541-OI56.or  c-mail:  nbrc-infoCS'nbrc.org 
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Notices 


WATCH     FOR 

SPECIAL    ISSUES    OF 

RESPIRATORY 

CARE 

I  N  HALED 
N  ITRIC 
OXIDE 

February   1999 

MARCH     1999 


New  Federal  Register  Notices  Now  Available 

The  Center  for  Devices  and  Radiological  Health  announces  the 
publication  of  new  Facts-on-Demand  FOD  notices  in  the 
Federal  Register.  The  new  publications:  FOD#774 — Medical 
Devices;  Preemption  of  State  Product  Liability  Claims; 
Proposed  Rule;  FOD#6()7 — Rebuilders,  Reconditioners, 
Services,  and  "As  Is"  Remarketers  of  Medical  Devices;  Review 
and  Revision  of  Compliance  Policy  Guides  and  Regulatory 
Requirements;  Request  for  Comments  and  Information; 
Proposed  Rule;  and  FOD#513 — Medical  Devices;  Reports  of 
Corrections  and  Removals;  Stay  of  Effective  Date  of  Informa- 
tion Collection  Requirements;  Stay  of  Effective  Date  of  Final 
Regulation.  For  more  information  about  Facts-on-Demand 
call  (800)  899-0381  or  (301)  826-0111.  The  FOD  system  is  also 
on  the  Internet  at  w. fda.gov/cdrh/fedregin. html. 

Web  Site  Link  to  Fellowships,  Scholarships, 
&  Grants 

The  American  Association  for  Respiratory  Care's  web  site  con- 
tains important  information  about  fellowships,  scholarships, 
and  research  grants.  International  fellowships,  education 
scholarships,  research  fellowships,  and  other  grand  programs 
are  described  in  detail.  The  site  also  contains  information 
about  the  $1,000,000  Research  Fund,  a  restricted  fund  to 
sponsor  research  initiatives  that  document  the  clinical  and 
economic  impact  of  respiratory  care  professionals  in  the  deliv- 
ery of  health  care.  To  apply,  a  "Research  Plan  Abstract"  must 
be  submitted  to  the  AARC  by  February  1,  1999.  To  find  out 
more  about  these  programs,  log  on  at  www.aarc.org. 
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AARC,  Affiliates  Set  Conference  Schedules 

The  AARC  and  many  of  the  affiliates  have  set  their  schedules 
for  1999  conferences  and  seminars.  Foremost  among  AARC's 
offerings  are  its  Summer  Forum  (July  16-18)  and  Annual 
International  Respiratory  Congress  (Dec.  13-16).  Additionally, 
the  AARC  will  be  co-sponsoring  the  7th  International  Confer- 
ence on  Non-invasive  Ventilation  on  March  14-17. 1999  in 
Orlando.  Check  out  the  AARC's  website  at  www.aarc.org  for  all 
meeting  registration  materials  and  a  list  of  affiliate 
conferences. 


Videoconference  Program  Set;  Nursing  CEUs 
Offered 

A  series  of  eight  videoconferences  are  scheduled  for  1999 
through  the  AARC  Professor's  Rounds  series,  which  are  now 
approved  for  nursing  CEUs  as  well  as  CRCE  credit.  Topics  are; 
respiratory  assessment,  asthma  management,  ventilator  man- 
agement, disease  management,  pediatric  emergencies,  COPD, 
PEEP,  and  respiratory  pharmacology. 

CRCE  Online  Debuts 

Now  you  can  earn  continuing  education  on  the  Internet  from 
the  AARC  through  its  new  CRCE  Online  website.  After  you  pay 
for  the  number  of  continuing  education  units  you  wish  to 
attempt  (by  submitting  your  credit  card  number  on  a  secure 
server  site),  you  are  given  access  to  the  list  of  courses.  Read 
the  material,  take  the  test,  and  then  print  out  a  certificate 
showing  you  passed.  Your  participation  will  also  be  noted  on 
your  CRCE  record  with  the  /VARC.  Log  on  to  the  AARC's  web- 
site atwww.aarc.org  and  look  for  CRCE  Online. 
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design  afford  patients  maximum  mobility  for  a  better  quality  of  life. 

Tlie  LTVIOOO  is  ideal  for  weaning  and  chronic  use,  for  children  and 
adults,  for  inter-facility  and  intra-facility  transport,  and  for  acute,  sub- 
acute and  homecare  environments  (510k  clearance  pending  for  homecare). 
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affordable  price,  the  LTVIOOO  is  ventilation  at  its  best.  For  more  uiforma- 
tion  on  hoio  the  LTVIOOO  can  improve  the  quality  of  your  patients'  lives. 
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hin  a  Portable 
ifiguration 


iul  Functions 


re  or  Volume  Control 
Pressure  Support 
NPPV 

Flow-Triggering 

Variable  Breath  Termination  Criteria 
Oxygen  Supplementation 

Portable  Configuration 

12x10x3incties 
Lightweigtit-only  12  6  lbs. 
Internal  Battery 
Compressorless  Technology 


Pulmonetic  Systems,  Inc.  930  S.  Mount  Vernon  Avenue,  Suite  100,  Colton,  California  92324   Tel:  909-783-2280 


PulmoneticSvstems 


Circle  129  on  reader  service  card 


Authors 
in  This  Is 


Branson.  Richard  D . 
Cambell,  Robert  S  .  . 
Chang.  Audrey  S  .  .  . 
Chemiack.  Neil  S  .  . 

Du.  Hong-Lin 

Formosa.  Vincent  A 
Fuhrman.  Bradley  P. 
Hernan.  Lynn  J  .  .  .  . 

Hnatiuk.  Oleh 

Knebel.  Ann  R 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


BUSINESS  REPLY  MAIL 


FIRST-CIJ\SS  MAIL 


PERMIT  NO.  2480 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  Subscriptions 

ATTN:  Beth  Binkley 
PO  BOX  29686 
Dallas  TX  75229-9691 


Adverti: 
in  This  Is 


II.. .1.1. 1. ..I. I. .1.11. 1. .1.1. ..II. .1.1... 


Astra-USA.  Inc 

Circle  Reader  Service  > 

Bird  Products  Corpon 

Circle  Reader  Service  ^ 

DEY  Laboratories  .  . 

Circle  Reader  Service  > 

DHD  Healthcare 

Circle  Reader  Service  N 

Hans  Rudolph 

Circle  Reader  Service  > 

Helen  Ziegler  &  Asso 

Circle  Reader  Senice  N 


Copyright  inform 

Daedalus  Enterprises  Inc. 
written  permission  of  Da 
photocopy  a  single  artic 
scientific  or  educational 
photocopies  and  copies  f 
ing,  via  e-mail  (rcjournal 
RATORY  Care.  Anyone 
material  in  this  journal  pr 
Respiratory  Care  i: 
proval  by  the  author  and  i 
authors.  Reprints  tor  con 
terprises  hic.  For  more  information  and  price 


BUSINESS  REPLY  MAIL 


FIRST-CLASS  MAIL 


PERMIT  NO.  881 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


AARC  Publications 

PO  BOX  11605 
Riverton  NJ  08076-7205 


call  (972)  243-2272. 


Disclaimer.  The  opinions  expressed  in  any  article  or  editorial  are  those 
of  the  author  and  do  not  necessarily  rellect  the  views  of  the  Editors,  the 
American  Association  for  Respiratory  Care  (AARC).  or  Daedalus  Enter- 
prises Inc.  Neither  are  the  Editors,  the  AARC,  or  the  Publisher  responsible 
for  the  consequences  of  the  clinical  applications  or  use  of  any  methods  or  de- 
vices described  in  any  article  or  advertisement. 

Subscription  RATKS.  individual  subscription  rates  are  $7.'^  per  year 
(12  issues).  $145  for  2  years,  and  $215  for  .1  years  in  the  US  and  Puei'to 
Rico.  Rates  are  $90  per  year.  $175  for  2  years,  and  $260  for  3  years  in  all  other 
countries  (add  $94  per  year  for  air  mail).  Single  copies  when  available  cost 
$7:  add  $9  for  air  mail  postage  to  overseas  countries.  Checks  should  be 


l,„l.,l.ll..,l...l,ll..l...l..l.lll....l.l..l.l.l 


sible  of  any  change  in  address.  Note  the  subscription  number  (from  the 
mailing  label)  and  your  name,  old  address,  and  new  address.  Allow  6 
weeks  for  the  change.  To  avoid  charges  for  replacement  copies  of  missed  is- 
sues, requests  must  be  made  within  60  days  in  the  L'S  and  90  days  in  other 
countries. 

Manuscripts.  The  Journal  publishes  clinical  studies,  method/device 
evaluations,  reviews,  and  other  materials  related  to  cardiopulmonary  med- 
icine and  research.  Manuscripts  may  be  submitted  to  the  Editorial  Office.  RES- 
PIRATORY Care.  600  Ninth  Avenue.  Suite  702.  Seattle  WA  98104.  In- 
structions for  authors  are  printed  in  evei'y  issue.  An  expanded  \ersion  of 
the  Inslruclions  is  available  from  ihe  editorial  office. 

Ccipyiifihl  O  I99S.  In  DaecJtiliis  Fnrcrpriscs  Inc. 


128 


RESPIRATORY  CARE  •  DECEMBER  "98  VOI.  43  NO  12 


Small  Enough  for  Ho  me  care... 

Powerful  Enough  for  Acute  Care 


i  ulmonetic  Si/stems'  new  LTVlOOff" ventilator  imparts  quality,  value, 
and  innovation.  Showcased  in  its  small  package  are  powerful  features  that 
redefine  portability  without  compromising  functionality.  Its  unique 
miniaturization  technology  coupled  with  its  sophisticated  pneumatic 
design  afford  patients  maximum  mobility  for  a  better  quality  of  life. 

Tlie  LTVIOOO  is  ideal  for  weamng  and  ciironic  use,  for  children  and 
adults,  for  inter-facility  and  intra-facility  transport,  and  for  acute,  sub- 
acute and  homecare  environments  (510k  clearance  pending  for  homecare). 

Combine  this  versatility  and  technological  advancement  with  an 
affordable  price,  the  LTVIOOO  is  ventilation  at  its  best.  For  more  informa- 
tion on  how  the  LTVIOOO  can  improve  the  quality  of  your  patients'  lives. 
Call  lis  at  1-800-754-1914  or  e-mail  us  at  info@ptihnonetic.com. 


The  Nezv  LTVIOOO 
Ventilator  Delivers 
Pozvetful  Functions 
within  a  Portable 
Configuration 


Powerful  Functions 

Pressure  or  Volume  Control 

Pressure  Support 

NPPV 

Flow-Triggering 

Variable  Breath  Termination  Criteria 

Oxygen  Supplementation 

Portable  Configuration 
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Lightweight-only  12.6  lbs. 
Internal  Battery 
Compressorless  Technology 
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Its  easy  to  see  why  TheraPEP  is  becominj 
the  PEP  therapy  device  of  choice. 
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Easy  to  use. 

COPD  patients  can  master  Positive  Expiratory  Pressure  therapy  quickly,  and  maintain  an  effective  continuum  of  care  away  from  hospital. 
TheraPEP  improves  secretion  clearance,  facilitates  opemng  of  airways  and  may  be  used  for  the  treatment  of  atelectasis. 

Easy  to  tolerate. 

TheraPEP  inav  reduce  the  need  for  postur.al  drainage,  and  is  ideal  tor  patients  unable  to  tolerate  com'entional  chest  physiotherapy 

Easy  to  read. 

Highly  visible  pressure  indicator  provides  immediate,  visual  feedback  from  any  angle. 

Easy  to  adjust. 

Six  ixed  orifice  options  allow  physicians  to  prescribe  appropriate  flow  resistance  levels  for  each  patient. 

Easy  to  carry. 

Draw-string  hag  lets  patients  carry  TheraPEP  convemently  and  discreeriy 

Easy  to  clean. 

Durable  plastic  construction,  removable  base,  and  linear,  \alved  resistor  promotes  easy  cleaning. 

Easy  to  order. 

To  order  your  TheraPEP  or  a  free  catalog  of  DHl)  qualm-  respiratory  care  products,  call  toll-free  today 

1-800-847-8000 


llien^. 


Positive  Ixpiratory  Pressure  nierap}/  Sysfen 


m 


jgDHD 


Healthcare 


hmovmitiits  li'f  n\pimior\ care. 

I  .iiihini.NV  nni:   USA    (.Mi)OT7-2::i      fA.X:(.M5)(i')7-»»3 

(ii,i„iini  Si.ii,,' IAN  tll^lii'17-M'M      Imp     wuAv.aiuioim 

Circle  109  on  reader  service  card 


